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PREFACE 


In presenting tliis trentlse on '‘MikUth Aviniioti Engines,** the writer 
realizes that the rapidly developing art makes it didicull to outline all 
latest forms or describe all current engineering ]jractice. 'fins uxposuion 
has been prepared primarily for mstnictiou purposes and is adapted (or 
students who wish to become aviators nr aviati<m mechanicians, and 
for mechanics in other lines wlm nish to enter the aviatinn io<liislry 
as experienced aviation engine niuinienance and repair men. Evers elTort 
has lieen made to have tlie engineering jidormaliun accurate, but owing lo 
the diversity of anthorities consulted and use of data translated from 
foreign language pcrio<!icals, it is expected that senne crn*rs will be present. 
The writer wishes lo acknowledge his indebte<ltK’ss to many firms for 
photographs and heljdnl descriptive matter and endeavor ha^ been tnade in 
every case lo give cretlit to the firm fnrnidiing mkIi tlata. alsir to evjierts 
in various lines that have been ([noted in this treatise. Speiial atlviiliiui 
has been paid to instructiim.s on tool cciuituncnt, use of tools, trouble 
“shooirng' and engine repairs, as it is on ilicsc points that ilie average 
aviation .student is weakest. (Inly such theoretical consiileraiton tu* thermo¬ 
dynamics as was deeuieil abxdniely necessari to s*viire a jwojier iimler- 
standing of engine action fafter consnlting several experienced inslnictors) 
is included, the writers ellorls having been confined tu the preparuliou of 
a jiracttcal senes ul iiislnictions that tvould be of the greatest value to 
those who need a diversified kiiuwleilge of internal com bust ion engine 
ronstriiclioii, ojUTation and repair, and who must acijiiire it (piickly. I'he 
engines described and ilhislrated are all |»ractiial ri»rnis that have been 
fitted to airplanes capable of making extended fiittht.s and may be considered 
fairly representative of the |)resent slate of the art. 

Consideraide space is devoted to the leading war-time engines in both 
the water- and air-cooled forms bccau^e s<»me of these are still in use and 
also because these arc the types from which our prexent day perfected 
engines have boon develojicd and a review of llicir clmracteristics .should 
be of value in showing the reader whai has been done m ilic past, so he 
can Ixltcr understand the iwssibilities of the future. As avnaiion and the increas¬ 
ing use of aircraft has practically eliiniiinied national boundaries, this 
book has been nuule internalioiial in s<*o|k* and many practical and success¬ 
ful European cngine.s have Iicen illustrated and described akuig uilli <uir 
own American product. 

Victor \V. Pag^. 
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One of the most important branches of aeronautical engineering is that 
dealing with powcrplant design, construction, installation and repair and 
aeronautical engineers may be divided into two main groups, “plane'' men 
and “engine" men, The division of the engine men is in three main classes; 
designers, builders or production men and field men who are concerned 
with installation, maintenance and repair. Specialists in any of the sub¬ 
divisions find that it takes all their time to become familiar with the many 
phases of the subject lliey are interested in, AV'hile the author has had a 
broader experience than many of the s|>eria]ists. it is <»iily because he has 
been identified with aviation since its inception and because <»f ])articular]y 
fortunate circumstances while serving on the Staff of the Chief of the 
Air Corps during the World War, which offered unexcelled oiiportnnities 
to obtain exjjericncc on a larger scale than tuiriual |K*ace time artIviticH 
permitted. 

Regardless of this cxperieuco. the author has found it desirable and 
even necessary to coiimiU oUut autlntrilics and specialists in order to check 
up on his own opinions and experience and every cttf*rt has been made in 
this treatise to present lunh sides of every CJintroversial subject. The 
reader may select the line of reasmong that l>est applies to the ca.se under 
coiisideralion and no iiiatkT what he rmally accepts, be will fiud ample 
authority as a basis fnr his line of thought. In ])rej»aring this work the 
author has made references to the authority rcspmisible for the opinions 
or information presented and in every ease due aekucnvledgment is made 
in the text to the expert ({noted, when the opinions are ii<»l those of the 
auth<»r. 

There arc many sources of aiTonuulicid data at the present time besides 
the ntanufaclurcrs of airplanes, engines aud auxiliary apparatus. Govern¬ 
ment documents aud publications of the l•hlginee^ing Ihvisiou, V. S. Army 
Air Corps, with lalMiratory facilities at Wilbur Wright hield, l)ayton, Ohio; 
and also those of the Njiltoual Advisi^rv Commiuir for .Aenniaulic'*. Wash- 
inglon, D. C.; have lK:eu cmiMiUed frecl\ aiul lirief excerps and abstracts 
from these public documents have hccu used to bring out points in the 
text that were considered in greater detail in rcjiorts of experts and spe¬ 
cialists, The United States Ilurcau of Staiidard*^, and the I’liited States 
Department of Commerce, Washington, D. C., have also published much 
valuable data in the form of re|Mirls issued in co-operation with the Govern¬ 
ment agencies previously mentioned. 

The membership of the Society of Automotive Engineers. Inc., includes 
many aeronautical experts and specialists and much valuafde data has been 
published in the .9. /I. /:. Joitntal on aviation and kindred siil^jeris. The 
publications AvhfloH and Difjest.uf New York (*ity were alsu of great 
value and references to editorial opinions and descriptions of aircraft en¬ 
gines, have also been included to justify and supp(»rt some of the opinions 

of the author. Such leaders in the industry as the Goodyear-^eppel in Co., 
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Akron, Ohio; the Curliss Aeroplane and Motor Company, Inc., of Garden 
City» New York; Packard Motor Car Co., Detroit, Mich.; the Wright 
Aeronautical Corporation, Paterson, New Jersey; Pratt & Whitney 
Aeronautical Corporation, Hartford, Conn.; as well as numerous other 
firms whose products are described in the text, furnished valuable illus¬ 
trative and dc.scriptive data. The Uurcan of Aeronautics. U. S. Navy and 
the Information Section. U. S. Army Air C<»rps, also furnished material 
pertinent to service planes, airships, and engines. A niinil>cr of early en- 
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the origin<il aviation engine instruction papers prepared for students and 
Army mechanics during the late War and the authors cxi^cricnec in avia¬ 
tion since its inception over two decades ago that forms the ground work 
for this lrcali.se. The character of C(Hj|ierati<m f»biaincd canind fail to 
promote knowledge of aviation an<l pri<]>er public appreciation of its great 
possibilities. 
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treatise in going an unusual expense in financitig extended research work 
of the aulht»r and for the numerous excellent special iilusiralions that 
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HISTORICAL INTRODUCTION 

THE FIRST ENGINES TO FLY 


As the writer is dictaiing these wtinis. the Acnmaiitical Industry is 
celebrating the twenty-fifth anniverjiarv of flight and while the ])ublic is 
chiefly concerned with the airiilane and other forms of air-cruft» hot little 
prominence is givei* in the pul die prints to the most important ihitig that 
has made luechanical flight jKJSsilde. i.c., the highly refined interual-cumbus- 
tion engine. 

The first engine to fnrnish ^xjwcr enough to cause an airplane to leave 
the ground and make a landing nmltT control of the ])ilol was niuloiilUedly 
the Wright airplane engine, an early form, which is illnslraUMl hcrewilh. 
Various forms tif electric motors, steam engines and evc\j liglil’ gasoline 
engines of the molt^rcyclc type ha<l moved gas lags ihnmgli the air pri(jr 
to the development uf the airjdane hut in these early nirshij»s. llie power- 
plant was called iijion tmly to nit»ve the gas hag amt not to furnish power 
enough for sustentaliim as well. 

The Wright linuhers finind that there were no light engines of suffi¬ 
cient power available in VK)2 to convert their motorless glider to a posver 
driven machine. Motorcycle engines, wliich were sufliciently hght, were 
not powerful cn^nigh and automohilc tyjK* engines of ndc<]uate p<JW(T were 
much t4»o heavy, the niinitnum weights being fn»m twelve to fifuen p<iunds 
per horsepower. The Wright brothers were b»rce<l to work out their own 
engine, which was a very creditable design and a big iinjiroveinenl tiver 
existing autimxjtive |>owcrplatits of the pcrio<I as far as weight-power 
ratio was concerned. 

The first Wright engine was of the waler-c<«*lcd vertical cylinder form, 
having four cylinders with a t<»lal tiisplaceineiii of appn»ximalely i40 cubic 
inches. The bore was inches am! the stmke four inches. Jl devch^ped 
30 to 33 hoTsejiower at 1.200 r.p.ni. and weighed \W poumls, giving a 
power loading oi six ptnuids per horscjXAvcr. Cast-iron cylimlcrs with 
applied sheet aluminum water jackets were uscxl an<] the valves were 
placed in the cylinder heail, the exhaust Indug mechanically actuated while 
the inlet was an automatic type. The crankcase svas of aluminum alloy with 
an oil sump. Carlmreti«iu was by measured fuel injection into the manifold. 
Ignition was furnished by u Mea high-tensi<in magneto. The cratikshnft 
was machined from a solid billet of steel. Tliis engine, which appears 
crude in the light of our present knowicilgc, was a real and kvsic contribu¬ 
tion to the infant science or art of aerial nuvigatiem. The great saving in 
weight made possible by this pioneer design resulted in the success of the 
flying demonstrations made during PK)3 which focussed the eyes of the 
world on the navigation of the air hy hca\ ier-than-air machines. Further 
refinements were made and six-cylinder in-line and eight-cylinder Vcc types 
were evolved by the Wright Imuher.s that ha<l a still more favorable weight- 
power ratio than the original, getting down to a weight of four pounds per 
horsepower. 
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The first radial engine t<» fly a hcavler*tl»ati-air machine was that ii^ed 
hy Professor Langley in his flying cNpcfinieiits. This engine, ilcsigned by 
the late Charles M, Manly ami huih by its inventor was years ahead of its 
time. From the seclumal view presented, the reader will pick out niany 
fcaUircs that are found in niudcrn radial cntrincs. though in refined forms. 
The Langley "AcriKln'ine** did m*t make a long flight and the Wright air¬ 
plane di<l and for that reason, ihcre was little (lv\ l•^»pnIenl of radial engines 
except hy Adams when he was ciMinvctcd with the J*'ar\vcll iiilcTcsts, and 
most ijf the successful early (lights were made with automohilc type en¬ 
gines refined in design li> secure light weight. 



The Engine Shown «t the Top ie the Wright Brother!* Pour-Cylinder Water-Cooled 
Type That Wm the First Engine to Fly en AlrpUne. The Improved Six-Cylinder 

Dcrign It Shown Below It. 
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Tht Manly engine was a fi\c-cylm(Icr water-cooled fixed radial form 
^ith a total displacement of 540 cubic inches. The cylinders were five- 
inch bore and five and one-half-lnch .slrukc and it developed 52.4 horse¬ 
power with a ucifflit of but 150 iHmiids. Riving: a power-weiRht loading of 
2M pounds per horsepower. Acmoauiical engineers should have realized 
the great weiglu saving juadc po^sll>fc by the radial dis|M»siiion of the 
cylinders in the Manly engine Imt this mlcrc^trng pioneer form had little 



The Manly Bngiae Built for Profeesor Langley’s **Aerodrome'* was the Pioneer Form 

of RaUisl Engine. 


influence on aero engine design f(»r a number of years. The real excellence 
of the Manly engine did ni»l receive the recognition it deserved, hut its 
inventor had the satisfaction of living long enough to see radial engines 
displacing other types in commercial and military airplanes. 

The cylinders were of the “L” head lyiic, buili td sheet steel with pressed 
in iron liners and sheet steel jackets were brazed on. the autogenous weld¬ 
ing process not having been dcvelo|ied except as a laboratory novelty at 
that titne, so joints now made by oxy-acctylcne or torch welding were obtain^ 
either by silver soldering or brazing. The inukc valves were automatic 
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for the sake of simplicity as were those of the early Wrig-ht enffi iic, the 
early Curtiss and the Anzani. It was in the arrangenictit of the conncctinjj- 
rod assembly that great ingenuity was shown and the sj’slem evolved by 
Manly was later used in modified hirm on many sucocssr’ul engines. The 
master rod was a solid section but Ihe link r«H]s were Inliiihir section. 'I'he 
Jink rod ends were provided with hearing “feet” that pressed against llie 
master rod and that were retained l)y adjnstalde clamping rings having 



The EUrly Green Bngine Which was One of the First to Make Succesfiful Fliahts in 
England is Shown Above in Transverse Sectioix and End View. 

female tapers to act against the male taper on the hnk r(»d lug ends. The 
extreme lightness of (he various parts, (lie ?H>ring (Uit of all solid sections 
such as the crankshaft and link rods, the light section'^ of llu* cylinder and 
water jacket were all features (hat showed the cMcpIiouHl engineering 
ability which the inventor possessed. 

Glenn Curtiss, another pioneer in aero engine const rue lion, combined 
four motorcycle ty|>e air-cooled cylinders on one ba.<c and produced a 
successful fmir-in-lfne engine. He afterward made an eighl-cs linder \ cc 
type because he realized the need for more |Miwer, bni Ins engines did not 
fly airplanes until the Wright Brothers had shown the way to the rest <»f 
the experimenters. 

In Europe. Levasseur built a light engine known as the Antoinette and 
DuthiebChalmers made a twin opiKised with which Santos-Humont made 
flights in a diminutive airplane of his own design. In Kiiginnd, the Green 
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mgmt was an early water*«>oled type patterned after the Wright The 
mn raponsible for most of the early fxed radial engine development in 
Europe was Anaani, who had a line ranging from two to twenty cylinders 
available in a very short time. All of these engines* were designed after 
the Wright Brothers had flown their airplane, so the four-cylinder Wright 
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The TrazuvefM S«ction of the German A. E. G. Bn9m« Showm Influence of the 
Wright Brodieri' Pioneer l>e<ian on Early Flight Motor Constsuction. 


engine will remain in history as the pioneer form and that which made the 
first controlled flight; liecause an unlucky break of a launching mechanism, 
which resulted in a ducking in the Potomac river for Manly and the Lang* 
ley Aerodrome, prevented the Manly radial engine from obtaining the 
coveted first place. Many authorities, without seeking to diminish the 
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prestige gained by the Wright brothers, believe that only an anfortunatc 
accident prevented Manly from being the first man (u fly ?unJ tlie Langley 
"Aerodrome,” a twin tandem monoplane, fn)m being tlio first lieavier-than- 
air machine to carry an aviator under power, l^ranglcy b “Aero¬ 

drome,” propelled by a steam engine had made a flight of tbrcc-ijuarieis 
of a mile previous to the flight id the Wright brothers* machine, but it was 
not a full scale machine nor coiikt it cany a I’ilot. 



Early French Aviation Engines That Made FUghta. The DutheibChalmers Flat 
Twin Shown at Left Was Used by Santos*Dumont, the Anzani Three Cylinder Pan 

Type Was Used by Bleriot. 

An early Italian flcvelnpnieni was the I'iat air-cn«»lvil engine, made by 
the well known iiioli»r air bnfbliog firin. which is still building aero t'uginCs 
but of the waier-ciMilcd fnriii. 

This engine wa.s uf the elglii-cylliMlcr Wt* type hiuI ralcd al 50 hf»rse- 
pow'cr. weighing al>ont 150 [nniiuls. *riio cylinders were Mu* anivcnlii'na? 
flange-cooled type, and had separate heads, held in jdacc by Ihrongb bolls 
going into the crankcase, llotli inlet and exhaust valves were located .si» 
they opened directly into the cylinder and were of large diameter. The 
heads were cast iron and deeply ribbed to make for cooling. The 

exhaust was direct to the air by a short pii*ee i»i pipe leading from Mie valve 
chamber in the head. The cylinders were di.sf>o-scd in the conventional 
manner, and the valves w'crc operated through a single camshaft by over¬ 
head lappet levers and push rods. 

As will be seen from the illustration the lower half of the motor was 
enclosed in a hemispherical shield, an<l a similar tnrnilKT. removfcl to make 
the details of the motor dearer, was used over the cylinders, this euol<Ksjng 
the entire motor in a cylindrical hood. As the pnijidler w.as driven direct from 
the crankshaft in the usual installations, the slipstream created by its turn¬ 
ing would force air currents through this casing, and cool the cylinders. 
Where the motor was to be applied to driving projudlers by chain or gears 
the cooling was by a fan placed at the front or back <if the casing as was 
most convenient, driven by the engine in the usual manner. 

Two separate magnetos were used for ignition, one for each set of four 
eyiinders, but a single carburetor served to supply gas to all eight. Every 
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endeavor was made to lighten the construction, this being well shown by 
the skeleton ffjrm of the walking beams that operated the valves, the hol¬ 
low camshaft and extremely light sp«>ked construction of the valve and 
magneto gears. This engine gave excellent results in brake tests under full 
loads for perktds *if three and four hours, without signs of overheating. 

Promiiieiit among the early air-ccxded motors that were distinctive in 
design were the creations of Roliert Esnauli-Pelicric, and while the gen¬ 
eral details did not dlfTer radically from conventional four-cycle practice, 
the arrangement of the cylinders, placed around the engine base at various 
angles and in genera! appearance living suggestive of a huge fan was as 
shown in the photograph. These motors were mamifacinrcd in three prin¬ 
cipal of 6 yc. seven and ten cyhndcrs, ranging in power from 25 to 

SO horsepower. The inott»r shown in the photographic reprofluction is the 



The Pour-Cylinder Air-Cooled Engine at A wee the Pioneer CurtUt Fonn and 
wu Built with Motorcycle Type CyUndert. A Later Water-Coded Form Which wae 
the Parent ol the Famoua Curtin OX Seriea ia Shown at B. 
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tCTKylinder form, which is comjK^sed of two five-cylinder groups assembled 
oti a Common base. The ten-cylinder type, had many interesting features, 
combined with a novel arrangement of the cylinders, gniiii>ed in the same 
fan-like manner that was characteristic of these inoU»rs, 'l‘he cylin<lcr$ arc 
arranged in pairs, one pair being vertical, two pairs at an angle and the 
other two nearly hi»nzonta). 



Two Early Airplane Engine Installations. At Left, tbe Antoinette Eight-Cylinder 
Vee Type, At Right. Shovring How Wright Brothers' Engine was Placed Beside the 

Pilot. 


AnntlKTtif the early hg1it«uci^hl .Mitiiolcd Mi»rthv i>f cunmicut 

was the yhndcr l‘*arcoi enginv. the nivcuUon of a well known Krciich 

<lcsigncr. In this consiniciion. lightness \t?is ♦•blaim*<l in I wo ways First 
hy making the lyliiulcrv air cooled In iiic«nis of <»nl]nary heal radiating 
flanges cast integral, and srcomlly by groujiing the cyhiulers horizontally 
arouiifl (he cranksliaM VVlnh* tins arrangeinenl <»r com[M»neiHs around a 
venter engine base was ii«»l a new tnie il hu*l not reccivctl the atlentmn that 
its merit ilescrvcd at ihal time. 'I’hc aecinnpanymg illnsiraiion slious the 



The Early Plat Airplane Engine Shown at the Left was an Eight-Cylinder Air- 
Cooled Vee Type. The R.E.P. Engine Shown at the Right was an Early Fan Type 

Air-Cooled Powerplant. 

general arraugcnienl of the eight cylinders abcml the crankcase an<k as will 
be evident, four of the cylintlers arc necessarily in a diffeient plane from the 
others. This cfmslriiclion is necessary that the connecting rods can be 
attached to the crank, which is really a dtnible thr<nv shaft as used on the 
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ordinary double opj>oscd motor. Four cylinders act against the same crank- 
pin. The t\v<» cranks arc .set at degrees, and alternate cylinders arc 
set in di^crciU planes. As the crankshaft is set verlically. a Imrizontal 
shaft driven by bevel gears at a somewhat reduced speed, is located near 
the tup of the crauk-^hafl fur the jnirpo'jc of driving the pr<‘])ellcr shaft. 
Hall bearings were unc<I to take tij> the end thni.st of the bevel gears, while 
the cranksliaft rev<dvcd m three bearings. 

Owing tt» the conslrnctiuu de^^ribed. st was fuimd pnsnible to reduce 
the weight tu about puiiiitb per hursejKiwcr. a figure not to be despised 
even in thc.«.c ilays. 'I'lus included the <l<iiililc ignitiim system, tlic four 
carl)urel<jrs. the fan and the ulUr. The elghlM*\Imder niutur was made in 
three ilifTerent sizes cpf .Ut. 50 <oul ItKI hursepuwer resiieclively. "I'he cvliii* 
<lcr d linen sums of the smaller i»f these was .tJI inches by ,i5 inches, the 
t<»tal weight being with eonijdele etjUipiuriH. K4 iioiiiid.s, aiicl the ]>invcr 
being developed at the normal st^eed uf l.>5t)0 reVi»tutioiis jjur minulc. 'bhe 
speed of rota I ion ?d>o eo^^e^tM•nds to onr nMidcrn engtnes even though tlie 
design iliu>trale(l is over twenlv vear.s old. 



The Parcot Air-Cooled Engine Shown at Left was an Early Static Radial Form with 
Cylindera Koriaontally Placed. Note Large Coding Pan. The Renault Engine at 

the Right was Air-Cooled by Blower and Air Jackets. 

The 50 ho^.^eJ^uv\er «*ngiiie wa.s 4.l.Lnuh bore by .iIhuU 4 * i-lmdt sh*i«ke. 
weighed IJl iK)Uinls, and develupetl its rated hi»rsepo\ver at alnml 1,500 
revolutions per niimile. '('he largest iiiotnr \\a> 5.ll-iiu*h lv»re and 5..U* 
inch str<ike and was said to have pri»diu'ed 110 liorsepiover at h speed <if 
l.JOO rcYoIntmii.s |K*r minute. 'J'hc large fan, iH»Mti\ely driven by direct 
attachment to the crankshaft, forces an imUubng drauglu <d air against 
the cyliniltTs. which makes it |K»>>ible tu ojHTale the engiin* eunlinu»>ti.‘-ly 
without excessive overheating, but this fan .''luuihl not be coiifu.sed with 
the pnppeller furnishing Iraeliuu as that meinlicT was uf the usual two 
hlaile design and was <(riven \>\ u sefiarale shaft, d'his umtur w as <lesigne<l 
to l)e installed in the fu.selatre id the airplane and wa.s intenilcd to drive 
the air screw at the front ut rear l>y faslcniiig a shaft to the taper end of 
the power lakc*olT shown e.xtemling fnun the crankcase umler the ceding 
fan, 

Another exnm])le of flu* early light weight motor of French <lcvclopment 
is shown, this being an eighl-cvlindcr Vcv type engine rated at 50 horse- 
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pow^r Inull f>y Renault that hail jndivliUial cy hi wler iii>»t-H with lira I radiat¬ 
ing flanges rasl inlrgral. As will l»e e\iileiil the cylinders are i>t the 
conventinnal lyi»e. the hring a separate rtMisinicli^ni lieM lo ilie 

cyliiKlrr hy llmnigli attaihi‘<1 lo a sjircial lilting, i*i cm.'*- vH'^ling. 

designcil t<j slrmgthen lli<* hend, ulmli s\a> mm'Ii* wry lighl. I’hc alnmi- 

num casing which dir« ctr<l ihr air 1*lasl prodiicrrl jiv ihr fsni hhidr -.jinked 

rotor against the cyliiidtTs ts clear! v shosvn. as i> (he placing «if I lie v.\)iaus( 
valves and pipes. The e:irhnri't«*r wn-s .iiiachcd in a iliMrihiitnig niaiiiiold 
and was u\ the regular Iced Ivjic. this ctniifiniietit having heen ^u]>- 

jH)rle<l hy a )>rackel at 1 .iche<l ti» the ca>iug. T)»«* nilel saKi s u ere !i)calc«l 

ill llic lower portion of the vaKe |HMkc'l. 4»jiera1ed ln»ui the camshaft ifi- 
recily, while the e\hail'll sahe.-. ucre aclualed lo Mic*at»s r»i* a walking iM.nn 
atul rod connection. 

'I he la ire atx! ^imke ui're rippro\iiii.it<d v .i* *• and I * , inchc'*', ri’spee- 
tively. As v\a> imiMUoii sv iih lUnsi \ ec uintoiv ihn Nal\e‘- neie nus hani- 
cully o|H*raled frniu a single caiitshafl. tin* e\)iaii«>i vahr ua** jjlaced above 
the mlet 'rUe motor \\:\^ pmsided ssiih a iarhuretnr niadi. <ii aiinmimni, 
to secure light i t*iiHiMH Imn. '( he igiiilion w:o hy liigloteii'-mn magneto. 
Tile Cooling vva.s produced hy a fan or 1>|<'v\<i of l.iive diameter v\hieh 
forccfl uir through iliechamhin (oiiiii'd hy ilie cy liitiliT . ami tlietr comaiiiiiig 
case of sheel metal, h s\i11 hi evident tliat as the an oadd esi^njie mdv 
aflcr circulalmg aroiiiul ami over llie flanges of the lUindvn.' pusiuvc 
coiditig' ohtained The motor de\clM|>id o\ir !J•.r-'e|H»^\•er .at f.WXl 
revolutions jiei niiinile. uincli is .I'S) turn- ta-ier ihan o- iionn:il -|t(*ed. 
hut <iu mg lo the use of tlie air tooling hhn\i*r. it di<l not ha\e as goo<l 
weight-)lower ratio as llmse engiius «•! the \ «’e «»r ta'tial hirm that de- 
jtemled <iu the jtrnpcller slipstream tor **(u»|iiig tin* 4 yhmh*i- 

Jl will (h* ap)»areul Xi» itie n mh'r td ihe I'lajilei*. lo fnllou that great 
j)rogres- lia- he4*n ma«le in the delad rehuemeni and einj-irm rkm of iiin(h*ni 
avialnm engines, tail Ihese iMijtmseinent- lan only he ajtprveiaUHl hy 
cotupariiig ihe j>re'‘eni tlay foriiw uilh the pmiuer engines iKusivated m 
this historical re^lc*^^. Ihisic jwinctple- are the saim*. t>nl pinjioii inning 
and cniisi ruclmu n| parts.iiid ihe hctier uiaienaU iniplns ei1 in neu uignies 
give grenth iiier<'a-cfl eiVu n*n«« .onl leliahihiv locr tlie i>enoniiance of 
the engines used lo jimnccr aMUlor^. 
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AVIATION ENGINE REQUIREMENTS 

Brief Consideration of Aircraft Typen—Monoplane vs. Biplane—Number of Engines 
to be Used—Bj-Motor Planes-^Tri^Motor Planes—‘Multi-Motor Idea Not New— 
Propellers Are Limiting Factor to Engine Sire—Essential RcquirenienU of Aenal 
Motors—Aviation Engine^ Musr be Light—Factors Influencing Power Needed- 
Resistance to Flight—Formula to Find Horsepower Needed for Flight—Power 
Used by Airplanes—Why Explosive Motora Are Rest—Wet uj Dry Weights— 
History of Engine Development—Main Types of Internal Combustion Engines— 
Classiflcal ion by Cylinder Arrangement—Weight- Horsepower Rariu—Engine 
Types Defined—Life of Aviation Engines—Future Engine Development—Airplane 
Engine Costa. 

The rfUKjiii'sl of ilir nir i-. our id* llio luovt <li];»ciH|i>ii'i nchicnrjiu**iK of 
thf I)liman flij^ht uptii' llu* “IrN io man a nrw load, ami Lci’aiiM- 

it is a ma'I frre •d all ••|»sfriicth*ii«* and IrinU <N«»\\\lnit. allordmcr lhc 
shorto**^! dislancr 1o am phicr. it oItVr.s In ni.m ilu* pr«'’l''a*i tinliiulii'd 
fretalnin riit* ain*raft ;*roMii'*i‘v lo •.|•au ri»iitnu«nis ltKi» lailm.nU to 
st‘as like tn ^itnwy nnniiitaiMN .iiid fniivt-. like MnU. aiul to (jiiirkcn 

and sitn|d(f> lh«* i*nddem- »*f ti.in^iuiUatinii While ilm nrtinl <'«*in|iic-st 
of tliv air is an ;u*cniii|»lrs|iiijrnl inn* hein;; i ralirrd. (lie > t'arninjt iiMoiiifucr 
the air is i»lil. pnssiliU av ohl as niiidUat iUidf The myths ami folklore <n 
dilU’Vnil viua*-. Irll t»f smujciuI living; im*u. .iinl show thal fm ai»i's 

In fly vva.s llic hic’lu**! oniicc|»tinn nf tin* siil.|it*i«* \<» nthri ai*<*nl i.s ninrr 
rfspnusihU* fnr siivtaim^d nn*lil tli.tn tlu* iiiti'inal cidiihustion mulnr, aTi<l it 
was only wUvn llii*> fni m of |iiiiiir iimvor had hmi iiilh devrlojitMt ilia I il 
was ]jnssihU* for tnaii to h*a\(* tht* ^muiu] and ali^lil al uill. iml doiH'iulincr 
tipim tlic rat'ricfs oi tin* winds m Idtiuc power i»f i;a«r.s as with 'lie bal¬ 
loon. It IS safr (o viv 111.it llu* soKittoii of Hit* problem of Hiitlil would have 
been a ((aim'd many \<*ars a^i> if (he jnojHT Muirn* <if jNovvi had hcni avail- 
alde as all llie rssriiiial idemnils id thr modem airplane and dtri^^ddr bal¬ 
loon. other lhan ihr ]iourr|»lanl. were know n !*• oarli' |iliil<iso[»hoi % and 
scicnlist<, (hon^li m much cnider bums 

Brief CoTi5ideration of Aircraft Types. -Aeronautics is divided inb' two 
fuiidaninilallv dillcrctU hiaiichcs--acriulvnannes and ai'voslalics The 
first coiiipriM’s all tyt'cs id airplanes ainl heavuT-than air living machines 
such a^ llu' Imlivu]dors, inuillioidors, etc.: the m'CoihI m^diidos dinj^lblo 
halloons, jiassive hallooiis ami all crnM which rUc in ilic air hv utdiKini:^ 
the lifting; foico of ;;a^os ;\*r[dam*s arc* tin* onlv practical form o\ licavier- 
than-alr nniclonrs. ;is ihc iMdicoptci •. (machiiiON intomled to bo lifted di- 
rectlv mio (ho an* hv pnij»cllcr-. without the sn<..i;Hniii^ oiroci of tdaiies), 
and o^ullK^ptel^. or ll:ii)]nii^ wim* ivjH*-. have iioi Iktii ihonnighlv dcvcl- 
0 ])cd. and in fact, ihoic arc .so many .«cnoiis mcchaTircal iwoblonis io be 
solved before either of thw types nf aircraft will finirtioii properly that 
experts express doubli; r%'arding ibe early perfection ol either Airplanes 
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Fig. 2.—Various Forms of Sporting Type Airplanes Uting Low-Powered Engines. 

a practical way. Airplanes have hccit huih in many types and sisscs and 
for many pnrpiiscs. The ^jrcat variety of practical desijjns availahk arc 
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pig. 3.—Illustration Showing How the Number of EnKines Used May Vary. A— 
Single Motor Monoplane. B—Bimotor Airplane of the Biplane Design. C—I'ri* 
motor Passenger Carrying Monoplane. D.—Bleriot Airltnet Using Four Motors. 


shown at Fii*. ?, sojiic i»f \thich an* a<laj»tcfl 1i*r filij^hlin^ only un 
Others rmlv mi water :iimI one iy)*r. llu* that can lan<l and take¬ 
off from either laihl nr water 'I'hc ciil.* at 1 >h(nv air* 

planfs in a varicls of desijfii.s and iUu^tra(ioti« ni atnl 4 ^\fn\ multi- 

uiotorcd (lesijjns thai have recciveil iiraclical upplicaliou.^. 
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Diri^ble balloons are diviHed into three clasi^es: the rigfid, the semi- 
riffid, and the nonrigid. The rigid has a frame i»r skeleton of cither wood 
or metal inside of the hag, to stiffen it: the semirigid is reinforced by a 
longitudinal keel an<i metal attachments; wliile the nonrigid is just a hag 
filled with gas. The various Ivfies are shown at Fig. 5. The airplane, 
more than the <lirigildc and Indlinm. siainls as the cinhlcni of the c<m<^uest 
of the air. Two reasons for this are lhal power thglu is a real comjuest of 
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Fig. A.^Practieal Forms of Trimotor Monoplsne and Biplane Airliner. 
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the air. a real victory over ihe clcincnU: secondly, because the 

airplane, or any flying' machine th.il uiay follow, brings air travel witfiiu 
the reach of even*body. In practical t|rvdt»pTnetM. tlie ilirijnble inav be 
the steamship of the air. which will icndci invalnalde service^ of n certain 
kind, and ihe airplane will be the aultmiobtlc of the air. t'> be by ihe 
multitude, perhaps for as many purposes ns the aniiMiiobilr is now being: 
used. 

Considerinft the licHrojitcr, a iiinnbcr of c.\ptTinu'iitr‘r« in lli^* Tbiitcl 
States and Ilurope are studyin;* the piMbleni .md it u 111 nftiiiidtidv be 
solved. Helicopters arc made in ni.nix 1 \pc>. a Ixpical csiUTiiiicntal form 
bcin^j shown nt Fig. (k 'ruo blling* ^rew • are in^ed. driven by ^bafi.s and 
gcarini^, and planes, similar to airplane unigv. tu**( shnun in ilUi.*.lr:ilion) 
are also iiscil 1 o supplmneni ibe lifting cllVcl ol lUc air screwf.. when the 
machine i> d> mg' >01 a hori/onlal pbmc *f*he <'ien.t AnOi-giio i'^ ma a 
helicopter but :ni airplane having a n'Mibn**; fonr saiK'il snr- 

face, m»t drixcii by the cnjpuu diiectly bnl tni'iicd by the movciuciit of the 
stnictnrc tbnnigb the air. 

Monoplane vs. Biplane.- 'simly ilie desiMji^ for |iaiit|M»rt airplanes ni 
Knrope and in tbe Ibiilr^l Slalt'.-N indualc* Ibai n Unm honored debate is 
still in prugrcss as lo the ad*.aninge *»! ih** im.cojd.iiM* rorr ib«' bijd.ine, or 
vice versa, bbij'lisb desigtM*!*^ b.o»* f.i\».i»'il bi|.l,nir» .iliu'isi e.^vliisncly. 
In France, one s*’c*iii.> in be U" much m ia\«*r a* Mu* and s-nne 

makers, .sitcb as M and M harin.in hnild both nprs foi the s.imc jiinpusi\ 
whiic in fhTinany tbe m«>iMipl.iiii* :«ih*iiis 1 o pud^aiunalc, althiaicli i-onic 
very capable tjciinan dc'^iyneis adhere to bijdanc CMij^nicoon 

The clmicc between ihe luo lypi's of cn^irnclu.n lo be largelv 

a matter of pcvsr^nal p'ei’eieMce. as wvl] as i!ii parlKiilrii* tvj/c ol wc.rk to 
be accoiupli.sbed. Aciodvnainicallv. lbo?.e fax nt mg' lUe brpJaiie ciJiini ibeie 
is but little to choo.se between Hir- tun. pit.vMbd ib.* bi[<laii4 Is jiroj^crU' 
dcsigne<l tlnni^li it is CMin'r«l<'d that it isia-icr l«»dc>igu an aenvivnamicallv 
efficient imnii»plane than it i.s to de'^ign a biplane »•( c<pi.il elhcienc’v Tbief 
advantag'c.s of ibe iiM'iiu]'biiie over ihe biiibme aie 

(1) Greater simpliGiv. as It has fiuci part.. 

(2) 'riie highwmg mom^jdane nlhwiH bene' v'^ibilov for p.issfugeis 

(3) Tbc wing id a liigbwmg m»»iioplaiM' is K's^ Ij.ihb* n, rlamagc hknn 
obstacles on I lie gnniinl, .such a.s fence posi,*, ainl stamps. 

The advantages of the biplane arc: 

(1) The wing colliilc, in gem-ial. has les^ vseigbl pci siptarc fuCit than 
tbe monoplane 

(2) TliC wing* structnrc i.s more ngnd, ami err-Mis in liggiiip uiv im»ie 
casil}' corrected 

(3) Tbe wings can be ni.elc uji in scilioie. and are m«*r#* ea^dv bniidb'd 
and .stored. 

As lo Ihe gr<*alcr ^impluitv rlanned for iIk monoplane, tin.'', i: more 
apparent than xc.il <)f coui.se. iheie is onh one wnig. fun Ui laiiy a given 
load with a given p<>vicr the .same surface rs necessary in eitliei 1.'pc and 
the monoplane wnig must be ni larger area than either of the wmg'.s ot a 
biplane are. This means that its nUcnml 5tructurc i.*^ mucb more complex 
than it appears to be at first glance. 
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The subject of biplane vs. monoplane has been given careful considera*' 
tion in various books on airplane dcsigtts or construction and the interested. 
.reader is referred to Mo<Irnt .■lirrraft, a comjjanion volume to this treatise 
for a complete elementary exposition of aerodynamical principles, types 
of airplanes and their advanta^^es and other )>ertincnt matter that is out of 
place in a discussion on aircraft powcrplants. 
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Fif. S.*—lliuitration Shewing Leading Types of Lighter*than*Air Craft. That Shown 
It the Highest Altitude ti the Rigid Type; the One Plying Below it U a Sefnlrigid. 
While That Near the Ground ia a Nonrigid Dirigible Commonly Called a 
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Number of Engines to be Used.—A matter lliat i< Wing given coiisuler- 
able attention an<l that shmild l>e briefly toucUcil njH>n 1)efi»rc considering 
engine types and Ibeir rare ami lej^air is the uuinluT ai engines 1o be nscti 
for power. An aulbc»rtty on in nlli engine airplanes. Mr, A. 11. G Fnkker 
has covcrerl this subjivi very well In ilie .S* . f. Joitnusf .nid lias corrected 
several ernMke<Mis iiii|>re' mihi.s tbal ha^e pn vailed ni (he past rel;t()vc to the 
safety features and ertieiencv of iimlli-engine air)»laiiev a> criinj.ared ti» the 




Pig 6.«^UnusuAl Forms of Heavifr-than* Air Craft A—Experimental Berliner 
Helicopter. ^^The Cierva Rotating Wing Auto-Giro. 

single-engine tvpc. Not onlv <|ocs lie coii'-ider ilie matter from a practical 
viewpoint bur he otitline-. shHoii-s ponds in vnIiicIi lbe»jry and practice do 
not agree as well as they should. Mr. Kokker says: 

“The facts that ddlereiU kinds of mnld-engme airplane^ have been de¬ 
veloped for a long time, altliongb mostly for military purposes, and that 
during the last few years such airiilancs have been m u<c tor eotnmercia) 
operation, have frequently leil the iniblir to fonn the opinion llial u multi 
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Curtiss Airplane £or Student Instruction with Wright "Whirlwind** Motor Installed at Front End of the Fuselage. 
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engine craft is safer than a single-engine craft On manv Fnro|>e;n» air¬ 
lines many ninlti-eiiglne air])luiirs have l>ceii aiifl are stil! in uiiciatUm ni 
which the increHse<l horsej>i»vver lx iiliti/ed for no i»tluT rcuMm than to in- 
cxease their carr\'ing capacity. rallier. than U* ohlain safety through iheir 
ability to fly on the remaining engine or engines mi tlie event of the f.uhive 
of one jjowerplant. Mnlli-engine airi>laiier.. therefore, can he r|ivj<le(l into 
two classes: 

(]) Those ahle to eontiiine flight with the full nuini.J 1o,ul afh i mie 
or more of the engines l».i\e -^lopiieil 
(2) Those not able l<» ronliniie Ihglit witli tin* fuU nonual 1 n;ir] after inie 
or nnirc of tfie cMignies Ii.im* x|<i|»|m* 41 
‘‘Class f2^ can he snhthsuKil atci*nhiie t4i the ieaM*n*. fur wlodi more 
than one engine is tise<l. naiiielx. 

(1) Those tiserf h*r inifilar' [nn| m»s 4 '>. a^^ U*r iHnnhIiiy socctal 

purposes, t4i fihtaiii a fiiM'l.ige luiving a ivisc ntthout an engine 

(2) Those in wlmii the engine power n**pi»refl he tin* 'le^ign runl h\ die 
jmrpose for \s lii«'li ihe airjilane k hnili in.i av.iil.ihh* in one piover 
lilaiil, t\\4» 4»r more small ingiiie?. hemg used in<ira<t diic large 
one 

*'Tt is 4ihvioiis ihiit III t'lass c.?, Mu* atin d risk of a toMvd lumling i'* 
niuhijilied hy the mimlitrof i^oweriilaiil* u>e<!. :uul thc'enec the ’•enahihtv 
decreases with the nninher of engines 

‘'Until a short tune rin.o. innltiTiigMK* lOipl.nu- ii» ( lass (\) did not 
exist. ICven now I am risking l>rolesi from jc'‘.eial de*ignev‘ t»v viroing iliai 
two-enginc i>fam*‘- m Class H) pracii«*a1l\ do mn vst^\ ] kmo^ of nla(^^ 
newly designer] phoies that Unw dt inonstiat* d tln ii ahditx to llv with one 
engine on (heir tirsl test flight. hut an enoninni* d’KcreiUM* hei'Ne*'ii 

the dcnionstratir^n oi a new well iimt**! plane ainl the same \\\»' laPn' uu 
vxdien in j>nidncli«ni. leally fullv e*|iiijipeil. and aft^r ah the icinfnj\eiuetHi-. 
inipnnemeiits ami arhlitums. which m*M*r fail to h** made the i'w^x 

plane has licen <lenioti'tialetl, h.ne I.. meoip..iatol into it (ViJaihlv. 

after such (flanes Inne he<n in seu ice for .*omc time*, the eJticionrv rinijis 
because of the wear and tear oii the engines ^u*! he*.oiM* lie* I'mish i»f tin* 
ship and the pHi]»ellers has** likewise *»iif’iered fioin ilu sss’ather, 

“Bimotor Planes.•• d'lie ahihts iif a Iwoeiiguie aiij'lauc to flv on 'me 
engine is jiroved (»nlv if such a erait is* able mn e.i|l« tn flv for a stiori lime 
on one engine. l>iil is ahh* !*» rlex elop snflh lent re-c*i s < to i im nn om. engine 
for al least a few Innir-. wMhmit o\eiluatuig i»r oversiraiinng the engine 
[ have built an<l have <k*in*ju.'tratrrl several l\pes of iwt*-rngnie .orplanes. 
but to enable theni to An for a long |K*riod nmh i the einnlitioiis inendoned 
would nceessitalc a reduction of the tMiv loa'l ti» such ;*ii cNti*nf lliat ihe 
airplane coul<l not he openited eccnioniically. Two-eng me aiiiiljines used 
for military purp^^srs, uli**ti the c*\ees'. lo.id e,ui he <liop(K*l at auv lime if 
it is iieeessarv to coutmue on one ciigim*, are an entnely ditlrTcni and 
rcasonahic proposal, ln*eausr tin* eairvmg cap.iciiv e.ui he util i/rd t«r limit; 
whereas the limn of the eapaellv of u snialUi M*imneici:il plane, from which 
it is nut feasible to <lr«»i‘ the jiasseugei.' nr tlie:r luggage, or both, is diet at e*! 
by the carrying cat»acily that can he *lcveloiH*rl viih one engine while leav¬ 
ing sufficient reserve fur safe living and ui.uieiiviring. It i.s still very 
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lUuitration of Macchi Racing: Monoplane Showing How Large Water«Cooled Powcrplant it Inttalled in PuceUge, and Covered 

in by Sheet Metal Streamlining to Reduce Air Resistance. 
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difficult to produce even thrcc-cnuino plaiich that are roallv ati»l hcMiesIly 
in Class (1) while carryiiijj iheir normal full CiitiinierciMl load. 

"The following K a review ai a few <»f the inlicrrnt features that mil'll 
he borne in mind and that present the difiicnltu's lo he cneomitiTed in ili 
and aircraft that are able to eouliniie s.ifelv with one cii^iiie 

dead. Many person.s wlioliave nev« r anal) «^ed ilu' inaticr have the delusion 
that if one enj^ne of a t\v<»-rii;»ine plane slops m lh;;ln, .^1 piT c«*nt of tlie 
original horsepower is left fi»r the pnr['ose of lliyld , and. Hinnlarly. on a 
ihree-engiue jdane, 1 wo-tliird**i id ih< original piiwer reni.nin^ Unfortu¬ 
nately, this i.s far from the Irtilh: the irici'' gteatls iiieira'-i* the ilisarKan- 

tages of tile t\Vi»-eiiglne plane in rids renjiivt a*' ... with a t)ir<'C« 

engine plane. When one pown plant the airplane ^ lows riMwn aod 

the remaining pinjieller i> not able to ikAelop tin* saine lonnhcr id H'miIii- 
tions as when Imth ihe poworidanis were »lnMng Hu* airjdane at full 

"Trimotor Plane.—This applies aho to the three'engim* nlr]>hiiie To 
take a cmieretc example, wilhoni going ii'to mailn'ni,itie«- If the i'okkcn 
trimotor plane lias inojudlers ilial will tinn al ISiK) r p m. at JJlJ hp. at full 
speeil with all liner engines going, the ternamnig t>ropfllers, if one of 
the three stojis, will inrn at <nih a little imae than 17fK) r ]• ni Thereha'e, 
Nve liave the edVet of a iMial id .mlv .VU uwte.n) of MO Up. a.s the failure 
of one <if the ihiei* engines w.adil had Us to heheve V\‘iih a 1 w*<i«eng»ite 
]>lane (he situation is nuieh wor a*. In a plane Imx ing hp avallahle fioin 
Uvo engines, not inoie tliaii per tent, or JU) lin . would he availal>lc tmni 
one engine after the other ha.l Orjipked 

"To this ilisadvaniagr ‘d the lw*»o*iigii»e pi.me a fnrllnT am] ofjnally 
serious om* innst he added I itdei lo pl.uies of the u^na! type having out* 
Ixianl engines, as verv (ew remark' upjdv to p»'sihle, hul hitheiio not ile- 
vcloped, types having leniral engme-roonis foim which mnUiple power 
plauls dri\<' a sing^le ]n'o]*eller. 'I'he tini.mg forces .iophed t.» the airplane, 
after tlie failure of mie c»iit!»o.ird fw»wej*id.iiit are naiurally inncli grealer in 
the two-engine air|dane lhan iit om* haMog ihtrr viigiiies. 

"Disadvantages of Two Engines.— 'Wt <i\erc«iiiu* these <lisad\.'image'*. 
corre,sptindiiigl\ grealei forces mnsi he ajipiied hy ihe eonirolhiig '^in faces, 
of whatever designi ihe'^e uias he oi liowe\ei ilies ni.iv he ili^po.^ed. lo kcei> 
ihe airf>lanc on iis siraiglil i>ath or lo jnakea Inrn to ihc oi)i)o'-iie dirretfon. 
Such coiUrollmg hnces aie. .so Ut ^peak, only the prodneis «•( head lesi.-.. 
tance. 'I'he Iwo-iMignie idane ilivu'foie sinVers a guaier increase in liead 
resistance, due to these conti oiling li*vces, than does the three-engine plane 
and reijuires inc^re jjovver lo kee]! it in the air. I'his means 4»nly that it 
consumes a greater iM'rcentage r»f the reniainhig hut ahea»l\ leducod horse¬ 
power. d'his is pro\<‘4| hv the fact that imist designers <j 1 tw<i-eiigiiie fdaiics 
are ext*cu<lmg cojisidcraldc mgetunly on special contiol-sm fat cs. such as 
duplicate rudders, emvrgeiicv rutUlei«', and the like, airanged ni positions 
where they wdll have the henelit oi the slipstream of the remaining j»ro- 
pcller ami coiisei(m*nlly will have a heiicr eontndlmg eHecl wiili less ev- 
pcndilure of liearl resistance- Such devices, however, have other dii^advan- 
tages, such as increased head resistance at all speeds in mirmal use and, 
in the case of mililary planes, reduction rd the field of fire to the rear and 
greatly incrcu*ied viiliH'ialMlity from the enemv's fiu. 
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‘’But tlie ^^eatesi factor in increasinif the inefficiency of the airplane 
when flyinij with one en;;ine i<llc is lh;U Iho reinniiiiu^ Imrsepower is further 
ahsoHied in overcojnin^^ Mu* resi'>lano<* t»f I ho MoijpctI engine and its pro* 
]seller, which mcuii.s lhal only a nuiaII part itf the <»njjinal available horse¬ 
power remains !<• kcci> ihe -^hip in ihe air Wliai ibis pcrcenlajic ilcpends 
entirely u)>on the type of the airplane and the locatuoi of the <icfccUve 
engine. 
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Fig. P.—Sectional Views of Typical Airplanes. Showing Method of Powerplant In¬ 
stallation. Above, the Nicuport.Macchi Pani^ngcr Carrying Plying Boat Equipped 
with Two Lorraine Twelve-Cylinder Motors. Below, the Nieupori.DoUge Biplane 
with Single HUpano-Suiaa Engine Installed at Front End of Fuselage. 


“In the arraiiifeincnl t»f Uvo |><»\verplnni'« in use cm some flyinj; boats, in 
which cine powcrplanl is ltK*atod behind Ihc cither, the disadvautajje due 
to the Uirninjv forces when erne engine stops is nimexisicut. However, 
the loss of efficiency of the propellers, mill the iVMillniLr reduction in speed, 
and the increased bead-resistmice of the mmclnven projidler and its engine, 
provide the same problem as that of any other t\vo*enginc airplane. 

*‘The multi-engine principle must be <onsi«lcrcd as insurance against a 
forced landing due lo tlic failure of one powendant. This insurance, of 
course, cannot be obtained for uothing: it costs more in fuel c<Misuinption 
and in hea<l resistance, if ibe insurance i.s to be gcxid. Therefore. intrinsU 
caily, a single-engine ship having the same tic.sign and power, so far as 
possible, is boun<l to have a longer range. To use the Fnkkcr F-VII again 
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as an illustralioi). this triniolor plane, liavinj; thrr^ Wng^hl \Vliirlvvin<l 
engines an<i the lar^c wing, has a range of al»out 4.300 milts as compared 
with the .sante ship fiHrd « ilh a single Pratt iK* Whitnev Hornet nr a Hn^itd 
Jupiter engine. \\lii(h gives jt a range of ahoni *^,500 ndh-s Tn sin>pljtil\. 
efficiency, economy (jf nnnnng. and inillal cost, tlu* advantages arc all on 
the si<lc of the single-cngijrr plain*.*' 

Al llu* ]»ivstMl stage of ik'vclojmiciU, the weight per horsrpowvr tjf an 
engine <!ocs not actually vary in pn^iH^rlinn with llu* povver I'hal is to 
say. presenl day low jHovoivd eugim's wngh jH*r horse]>ovvcr, luort* tlian 
the larger eiignirs. I'hc circcl of this U]«»n iu»*»k*in tk*s(gn will la* that a 
jdanc rc(|uirmg a given powur, if k is to invoi |H»ra(r (lit (hrtfcugint' prin¬ 
ciple. will have a suialltr aMioniit of ]iaV'li»ud carrvmg eafiarih iliaii a 
similar .singk*«cnginc iilant of c«|ual lu»r'vpovvt*r. though this di*fu'u*iu*\' will 
prohahly m»t he wry grtal. Aert<duuMiM(*;d ioii^«l4Ta(ii'iis favt^r a single 
engniic hecau>e il is oUvioiis that it will oficr levs panopir n«».isoiiii'o ilian 
three iiuIe])erHleu( engines. ( h> the other liand. the almost riunplele free- 
dotn fr<im forced landings vviM !•«* veiv Mn|ioiJ.iii( to air lran**iMjrl and. in 
fact, to all forms of .leiial sti s ice It set ms <a 1 e pi jo-edirt. Hiereforr ihal 
the (Inti-eiigim* airplane will 1 h* an ahvohrir immosmiv p. the successful 
operation of a pa.ss»*iiger ranw iug transport proiei t. In Mteli a rase a 
passeng'er ai**!liiei will hi* inni)»pcil with lltree -waW engnies pi<*f**iahU 
air-coide<h logether (olahiig tlie re«(nir*'<l masimnni lioisi |H#\wr iiece'^s'arv 
for taklng-oM ami clmihing.or m imiklng headvvav agani.^l l)ie highest head¬ 
winds wlhcli iiiiglil f)c im*i widi. 

I.uirler Moriiial comhtirai?: the plane would ],i> flown on (vvo*thjr<[s or 
threc*<|uarters lluottle ii»r all eiigmes. jn^i as in a .single engine plane, hut 
ill the event of failnre of any one engme. the isawr »a* the other two at 
{nil throUlo will he .snlticicnt (r) tnainiairi level Ihghi nntil ifie plane reachc*^ 
its ilcslinatioii. 'Tile parasitic resist.met* that ohlains when three radial 
cylin<lcr air-cooied engines are used tor ]i(»u'cr can he great I v reduced hv 
proiKTly htrcainlmnig ifie engine snppr^ris. es|>ecMH.v ih-.M of the oulhoard 
engines, ay projicrlv housing the engine tiionuUM ni the ti^elage f»u>rs no 
particular chlllciillN The oullniard engines of the I’okker aii|danc are 
carried helovv the unmoplane wing siriiciine The etigiuo is almost eu 
tircly enclosed in a iiietal cowling and only the cvhmler heads ami iip)»ei 
portion (d the cyllinlers project mto the uir stream 

A ^iaiil new Dornier plane winch, it is said, will lie powered by twelve 
Bristol Ju|)iler engnnes of .'UHl hp each, i.*? re(iortcd iiiufer C(*iis(rncncni 'Hi a 
Sj>ccial wharf <al Lake ( oiislanec. The cruft is desigTialed as i)ic Dormer 
10. 1‘larly reports of the s|»cciricalioii> )»tit the fuselage length at 4t.i yiL 
and the S]>aii at 50y«l. The cruising .speed <*f the Doniter 10 will ap]iiosi- 
mate \]5 ni p.h. and Ihc ninxiimini speeil 14‘i injili. It is esiimatod that 
the cruising range with full !oa<I of juisseugcrs and frciglit will he hetween 
1,625 Hides and 2..>00 miles. The fuselage, of (Iiiraliimln con-.Triictioii. is 
being formed in two stories, the k>wrr one lo accomiiUHlalc more than 
tw'enly passengers with hmnge. >lee)»ing eoniparinicnts. kitchen, etc. Of¬ 
ficers and crew, lulalling nine jK.*rsons. are lo navigate the jdane from the 
upi>cr .story of the fuselage. I' reight is to 1 h* stored in the latter .section, it 
is said. 



W . MOUERN AVIATION ENGINES 



Fig. 10.—Parman'ColUth Biplane with Two BriMol-Jupiter Engine* lor Power. 



MULTIPLE MOTOR AIRPLANES 


IS 


Multimotor Idet Not New<—At the outbreak of the war, the idea of 
coastructing* planes to be driven by two enjpnes had been broached and 
discussed* detailed desigtiR had been made for such machines and their 
I»werplant equipment, experiments had been conducted, and several mub 
tiple-eugined airplanes had been constructed- Nevertheless, it was not 
until June. 1915, that information was received of the dehnite appearance 
at the front of a twin-engined German airplane. Although the Germans 
were thus, apparently, the Rrst to employ such a machine for active mili¬ 
tary service, they were prol^ably anticipated regards actual construction 
by the French twin-engined Caudron liiplane, 

The three-engined airplane had al'io received some attention when the 
war broke out. notably so from the ll.iliaii ( aproni, who, in lOU. built and 
flew a biplane equipped with two WVhp. tr.tctor engines and a 00-hp, pusher 
engine. Sub.'^erjuenlly. in 1915. the same designer built a successful bi¬ 
plane fitted with three 150-hp. engiiio and later built large tripJancs with 
three engines. As the war progressed and the demami arose for heavy 
bombing machines, the twin-engined airjdane t<Kik a permanent place in the 
aeronautical services of all the belligerents. Of these, the Gotha with two 
260-hp unglues and the If and Icy-Page with two 350-hp. units may be taken 
as typical. 

Toward the end of the war the four-engined machine ha<l definitely ap¬ 
peared, and was being built in considerable numbers, in England, at least, 
while a five-engined German machine was brought down in France in 
August. 1918. Since the armistice was signed, the four-engine<l machine 
has become c|uiLc familiar, and the development of the fivc-engined design 
has progTe*^sed to the extent that there is now in existence a large British 
seaplane cipiipjicd tvith five Rolls-Royce engines which has flown success¬ 
fully. Reports indicate that airplaiie.s wdth eight engines are to be built 
in Jvngland and ten- and twelve-engine seaplanes of \cry large dimenaions 
are projcctetl in Germany. 

The airplane ixiwerj^l^tit problem at the present moment is a peculiarly 
complicated one, and in no rc.spect is its complexity greater than in 
muUiple-engincd machines. A \cry strong reason for fitting an airplane 
with more than one engine, at least so far as civilian flying is concerned, is, 
of course, the increased safety insured by so doing. With a twin-engined 
machine the chances of both failing bebire a safe lauding can be effected are 
now very small. During the war, it may be said by way of illti.slrating this 
remark, a Haiidlcy-Page boml>cr as a result of a direct hit had its lower 
wings reduced to shreds and tatters and one of its engines put out of action i 
yet this machine flew back 60 miles to its airdrome, and lighted there safely. 
With a three-etigined machine, it may be taken that all chances of having 
to make a forced landing as a result <*f engine tnmhlc developing arc elim¬ 
inated. A four-engined aindaue ]H‘ibse'«>rs the same characteristic, and with 
something over. Indeed, it can be asserte**! that as regau’ds the avoidance 
of forced descents the four-engined macbinc txjssesbC'* a factor of safety 
which is, or should be. satisfactory to all concerned. To increase the num¬ 
ber of engines above four on the grounds of safety only is clearly superoga- 
tory, the real reason it the need for more power. 
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FACTORS LIMITING ENGINE SIZE 
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Setting aside such cases, if there be any. in which the multiplicity of 
engines is dictated by a desire to utilize existing stocks left over from the 
war program, it might be suggested that several small units arc preferred 
to one or two laigcr units because the design and production of the former 
have heen brought to a c<jn^idcrAblc degree of perfection, whereas the large 
aircraft engine possessing an e<iual tnistworthiness has yet to be built. 
So far as air-cooled engines arc concerned, it may be true that large units 
are not installed because large units arc not yet «ivailab)e. On the other 
hand, the largest size at present made commercially, we have recently seen 
an air-cooled engine ilcvcioping 500 l>, hp., i.s sufficient to effect a reduction 
of some 25 per cent in the tiiiinlicr of engines fit1e<l on tlie f<niT-cngined 



Pig. IZA.-'-Dornier Super-Wal Monoplane Flying Boat with Four Air-Cooled BngitMa 

Mounted Above Aerofoil. 


Handley-Page machine. VV'ater-cooled engines of 5(X) hp.. such as the 
eighteen-cylinder, three-row Sunbeam, have beets manufactured in Eng¬ 
land for some time, while single engines of l.OQO hp. and even 1.250 hp. 
are within reach of presenWlay protluction. In support of the latter asscr* 
tion, it may be said that a twcnly-four-cylinder Liberty engine has, under 
special conditions, develoj^cd over 800 bp., and that a twenty-four-cylinder 
engine of Packard design has been made recently and tested with satisfac¬ 
tory results that was of over 1,000 hp. thotigh it did not produce twice the 
power of a twelve-cylinder of cue-half the <lisplaccmcnl. 

Propellers Limiting Factor to Engine Size.—It seems clear, then, that 
the tendency to multiply the engine units on an airplane cannot be set down 
wholly to a deficiency of Urge ]x)wered engines. The true reason, or a 
large part of it, for adopting a multiplicity of engines lies, in fact, not with 
the aircraft engine builder, but with the makers of the airplane itself and of 
its propellers. The eight-engined seaplane referred to will probably have 
a horsepower of nearly 3,000. Even were a thoroughly trustworthy 1,000- 
hp. aeronautic engine available, it is doubtful if in the present state of the 
aircraft building art the designers would have chosen to do other than em- 
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ploy eight Rmall engines rather than three large: for by splitting up the 
power between a number of units, they effect a corresponOing distribution 
of the fl.ving stresses in ll>e strucUiral parts of the machine. Further, it 
can be asserted that the airplane fjropeller capable of using I,()00 hp. on a 
scale of efficiency coniijarable with that manifested by smaller existing 
propellers has yet to be designetl and made. It is to he noted that, as with 
the marine propeller, the liigher the engine speed the more difficult is it 
to provide a propeller which will utilize the availalde jwwer efficiently, and 
that aer<»nautic engine builders are alrea<ly sacrificing something to meet 
the short-coinings of the propeller by fitting retluciion gearing on their 
higher speed engines. Thus the Kidjs-Royce. Sunbeam. Hispano and Co.s- 
mos engines, all <if which run at or over i.OtlO r.pni., are forced to empb»y 
reduction gearing, of a]i)iroximately a five to three ratio, because of the 
present iniiHissibility of iibtaiiiiug propellers capable <if nlilizing the full 
speed economically. 



Fif. t2B.—Model of a Giant Air Liner Designed by Dr. Rumpler of Berlin. Ten 
1,000 Kortepower Bnginea are Placed in Trailing Edge of AlLMetal Wing, to Contain 
Paaaengen in Leading Edge. Note Double Hull Conatruction. 

Essential Requirements of Aerial Motors.—f)iie of the marked features 
of aircraft development has been the effect it has had upon the refinement 
and perfection of the internal combustion motor. Without question gaso¬ 
line-motors intended for aircraft are the nearest to jperfection of any (»ther 
type yet evolved. Because of the i>eculiar demands imposed u]H»n the aero¬ 
nautical motor it mu.sl possess all the feature.^ <if reliability, economy and 
efficiency now present M ith automobile or marine engines and then must 
have distinctive ]>oints of its own. Owing to the nature of the medium 
through which it is operated and the fact that heavier-than-air machines 
can maintain flight only as long as the power plant is functioning properly, 
an airship motor should he more reliable than any used on either land or 
water though it is difficult to conceive of greater reliability than is now 
built into automobile engines. While a few j)ounds of metal more or less 
makes practically no difference in a marine motor and has very little effect 
upon the .speed or hill-climbing ability of an automobile, an airplane motor 
must be as light as it is jKissihle to make it because every |>ound counts, 
whether the motor is to be fitted into an airplane or in a dirigible balloon. 
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Aircraft motors, as a rule, must operate constantly at high speeds in 
order to obtain a maximum power delivery with a minimum piston dis¬ 
placement. In automobiles, or motor boats, motors are not required to 
run constantly at nearly their inaxlmnni sfieed. Most aircraft motors must 
function for exten(1c<l perio<ls at speeds of about three-ejuarters the maxi¬ 
mum and very often must be flown for hours at wide open throttle. An¬ 
other thing that militates against (he aircraft motnr is the more or less 
unsteady foundation to which it i.< attached. The necessarily light frame¬ 
work of the airplane makes it hard for a motor of nnllnary design to per¬ 
form at maximum efTiciency on account of the vibration of its foundation 
while Che craft is in flight. Marine and motor car engines, while not placed 
on foundations as firm as those provided for stationary powerplants, arc 
installed on bases <if much more stability than the light structure of an 
airplane. The aircraft motor. thcrcfi)re. niu»t he balanced to a nicety and 
must run stea<illy nmler the most tmfavorahle conditions. 

Aviation Engines Must be Light.—'Vhe ca]mcity of light motors de¬ 
signed for aerial work per unit o{ tn.ass is surprising to those not fully 
conversant with the p«»ssib»lilies that a thorough knowledge of proportions 
of parts and the use of special metals dcvcloj)ed hy the automobile industry 
make possible. Aclivity in the <lcvclopinent of light mott)rs was more 
prononneeci m France before the war than in any other C(»iintry hut this 
is not true a( present as > cry light ami piuvcrful engines have been devel¬ 
oped ill England and the United States. Some of these motors have been 
comjdicatcd types imidc light hy the .skillful pro]x>rtioning of parts, others 
are of ibe refined simpler form modified fmin current antomohilc practice. 
There is a tenclcncy to dcjiart from the freakish or unconventional construc¬ 
tion and to adhere more closely to stamlard forms hccausc it is necessary 
to have the parts of .such size that every quality making for reliability, 
efficiency and endurance arc incorjioraled in the design. Airplane motors 
range from two cylinders \i> forms having fourteen to twenty-four cylinders 
and the arrangement of thc^^c members varies from the conventional ver¬ 
tical tandem and oppo.scd jdaciiig to the Vec form or the more unusual 
radial motors having fixed cylinders. The weight has liecn recluccd so it 
is possible to obtain a com]i1cte powerplant of the radial cylinder air-cooled 
type that will weigh around 2..S pounds per actual horsepower and in some 
cases less than this. 

If we give brief consi<lcralion to the requirements of the aviator it will 
he evident that one of the most important is securing maximum power 
with minimum mass. an<l it is de.’sirablc to conserve all of the good qualities 
existing in standard automotive motors. Thc.se are certainty of operation, 
good mechanical balance and uniform delivery of powder—fundamental con¬ 
ditions which must he attained before a jtowerplant can he considered prac¬ 
tical. There are in addition, secomlary considerations, none the less desir¬ 
able, if not absolutely es^cnt^al. These are minimum con.sumption of fuel 
and lubricating <jil. which is really a factor of import, for upon the economy 
depends the capacity and flying radius. As the amount of liquid fuel must 
be limited the most suitable motor will he that which is powerful and at the 
same time economical. Another important feature is to secure accessibility 
of components in order to make easy repair or a<l}ustmcnt of parts possible. 
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It is possible to obtain sufficiently weight motors without radical de¬ 
parture from established practice. Water-cooled powerplants have been 
(lesig:ned that will wci^h hut 2.5 to 3 pounds per horsepower and in these 
forms we have a practical powerplant capable of extended operation. 
Air-cooled enpincs of recent development have shown remarkable per¬ 
formances and hoUl many records for cndtiranco and transoceanic fliphts, 
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Fig. 13.—Illustrations Showing Parts of an Airplane of the Biplane Form that Offers 
Resistance* Separated into Main Assemblies. The Wings Shown at the Top Carry 
the Weight, Because of Air Resistance which Provides Lift Also, but the Parts 
Shown Below Offer Only Parasitic Resistance which Should be Reduced as Much as 
Possible by Careful Design to Secure Aerodynamical Efficiency. 

Factors Influencing Power Needed.—Work is perfurnied whenever an 
object is moved against a resistance, and the ainounl of work performed 
depends not only tm the ain<imtt of resistance overcome but also upon the 
amount of time ittillze<l in arcoiiiphshing a given task Work is measured 
in horsci)OwtT for convenience, It will take (»ne horse|M>wcr to move 33,000 
pounds one foot in one minute or 550 juiunds one foot in one second. The 
same work would be done if 3.V) iwimds. were moved 100 feel in one minute. 
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It requires a <lcfin»le aiiumnl of power to move any nulottuihile or other 
vehicle <jvcr the gnnmcl at a certain speed. m> it iini'il take power to over- 
nnne resistance which rcsjsls forwar<l inovemeiU an airplane In the air. 
Disrcfrardiii;; I ho lac I or of air ilensiiy. it will lake more j) 0 \ver as the si>ced 
increases if ihe wei^jhl cjr resistance reinsiins constant, or more power if the 
sjK'ed remains constant and ilie resistance iiUTeascs. 

The aicjdanc is sniii‘oiled hy air reaction nmler Ihe planes or liflinjj 
«;urfaces ami the \ahie of tins reaction depends upon the shape id the aero* 
foil, the nmoinit it is tilled and the speed at which it is drawn thnju^h 
the air. The au^le of incidence or det*ree of win^^ till as well as aerofoil 
cross section re^'idates the power rvcpiire<l U» a certain ile^ree as this atTects 
liie sjieeil of hon/ontal lli^.jlil as well as the resistance. Kesisiance may ho 
of two kinds, one that i.s nece.ssari and the other that It is dcsiralde to 
re<hice to the lowest point jmssilde. 'I‘here is ihe win;; resistance and the 
stun of tlie resistances of tin* rest of the inachnie .such as fnsolaj^. struts, 
wires, lamlinu i^ear. ele, 'I'lie wni;* resistance i> itsefnl. the other is calle<l 
jKirasitic resistance An i 1 )ii<^lr:itiun showing; the |>urts that carry the 
vvei;;lit in an airjd.iiie .iinl ihoM* that oder para^ilrc resistance is ;;ivcn 
at I'l;; Lk If we assume that a certain air(*laiic otV<Te<l a total resistance 
of Mti ]>oiinds and we wished to drive it lliron;:li the air at a sjicvrl of sixty 
miles per Inmr, we can lind the propeller horse)niwer iieerlc<l hy a very 
sinijilc computation follows: 

'I'he jirodnci of 


30<l jioiiiids resistanee limes spj'cd of SK feel ja*r sec<Mid limes 

tit sccoinL III a inninte 

- - ---— • -=HI' needed. 

dividcil hy foot pounds ]icr minute ni one horsepower 

The result is the horsefH»wer needed in the form of projjcllcr juill 

Mn) X KK >* ti) 

— -48 n p. 

33.000 


Just as it takes more ))owcr to clinih a hill than it »l<Ks to run a car on 
the level, it takes more )»ower ti> chinh in the air with an airplane than it 
does lo flv on the level hccaiise the resistance increases. ]l alsi» rc<|uires 
more jiowcr to f]\ fast than it does at lower sjicnls. The more rapid the 
cHmf>. the nu*rc iiower it will take. 

If the resistance remains ,300 )iounds ami it is necessary to drive the 
plane at 00 miles )»cr hour, wc merely snhstitnte iiro)ier values in the above 
formula and we have 


300 oouinls limes 132 feet per sec*»nd times till svc<»ncls m a niimite 

____ ^72 1U\ 

33.(XX) foot pinimls per mnuitc in one horsepower • 

The same results can he 4»l>tained hy dividiuj; the j^rodnet of the resistance 
in poumls times speed in feet jicr second hy .S.'>t). which is the fooi-ponn<ls 
of work done in erne .scc<»nd to etpial one horsei)owcr. Naturally, the 
amount of profit Her thrust measured in (Hninds necessary to drive an air¬ 
plane must he ^freater than the resistance hy a snhstantiai niar;;iii if the 
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plane is to fly and climb as well. The following formula were given in 
The Aeroplane of London and can be u.^cd to advantage by those desiring 
to make computations to a.«certnin power re<|uircmcnts: 

The thrust of the pro] idler dcjicnds on the power of the motor, and on 
the diameter, pilch of the proi>cber and its speed of rolaiion. If the re¬ 
quired thrust to a cerlnin machine Is known, iho calculation for the h<irsc- 
power of the motor should be an easy matter. 





Pig. 13A.—How Various Resistance Values and Speeds Affect Amount of Horsepower 

Required for Plight. 

Resistance to Flight.—The re<piircd thrust is the sum of tliree different 
“resistances." The first is the •*drift" (dynamical head resistance of the 
aerofoils'), i.c.. tan a X lift <L). lift being e<jual l<i the total weight of ma¬ 
chine (W) for horizontal flight and a e(|ual to the angle of incidence. Cer¬ 
tainly we must take the tan a at the maxinuim Ky value for minimum speed, 
as then the drift is the greatest (Kig. 14 A). 

Another method for finding the drift is D = K X AV*, when we take the 
drift again so as to Iw greatest. 

The second “resistance" is ilie total heacl resistance of the machine, at its 
maximum velocity. And the third is the thnist for climbing. The horsepower 
for climbing can he found out in two different ways. It is first proposed to 
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deal with the method, where we find out the actual horsei>ower wanted for 
a certain climbing speed to our machine, where 

Climbing speed/sec. X W 

H - 

5.S0 

In this case \vc know already the hcjrscpower for climbing, and we can 
proceed with our cft1cnlnti«>iL 




-KP 


Pr • Women fw m » ^ 
Pr 2 A - *VorA 
Pr 2 W'orA Min, 


or in EngifSh 
PrZXR 

uooo 


P. 





Pig. 14.«Diagram& Illuetratinf Compuutioru to Determine Horiepower Required for 

AkpUne Flifhti. 
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With the other methotl we shall fiud out the ‘‘thrust” in pouiuls or kilo- 
frrums wanted for cHmhintf and add ii io drift and total head resistance, 
and we shall have the total "thrust** fd tmr machine ami we shall denote it 
with T, while thrust for climlnn^ shall he T, 

The foilowinj*: calculation is at our service U» find out this thrust for 
V, X W 

climbing-- Jlf*., 

550 

ni\ X 

thence V ,, n\ 

W 

Tr >: \ 

IIP. i:- —.then from 

550 

T. >: v 
-- 550 

55(1 1*. V, \ V \V 

(I) V. tt . — • . - . Uivnrv. T, - - - 

\\ W* \‘ 

Whether 'I* tne.'iiis rlrills. lie.id :in(l ll»rii-J fnr clnnhing. or 

drift and head rcMstanee only, the hdlMuni^ calciil:ilit«ii is the same, only 
in the latter case, of enurse. we imisl add I he horse|i<»w er re<|uired for climb* 
inp to the result lo ohtain the liUal horse]xwver 

Formula to Find Horsepower Needed for Flight.—Now', when we know 
the total thrust, we shall liud the hor«-v]H»wer in tlte follow in;; manner: 

PrJx k 

Wc know that the UP.— —- - mi kiU»;;rains, or m luijilish measure. 

75 X 

Vr 2 7:k 

HJ\s=-(I'jg 14 It) 

55.(XK> 

where P ]»res*'Ure in kl;;*' t»r Ihs 

r radius <»n w hu h P is actiii;; 

K = Kev(dulion/mni. 

M k 2^ 

When h X r = M. then HP. =-. thence, 

4.5(Nl 


HP. X 4.5tX) 7lh J HP. 

M ^_ iiielvr kilo;;rams, 

k>r. 

HP. .kUKX) $2^X\ IIP 

or in English syslem M =---'«• pomiils, 

k2* R 


H2* 
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Now the power on the circumference of the propeller will be reduced by 

M 

its radius, so it will he — — )>. A part i>f i» will lie used U\r couiitcmctiiig 

r 

the air ami hearing frioiluu, so ilial ilie inial power <mi the circumference of 

M 

the j>ropcllcr will he r, - j) where t; is I he iitechanicul cfticiencv nf the 

r 


fi 


pnfpcller. Niiw 'W where 7 1% Inkon on the lip uf llie j»rnj>eUer. 

(an 7 

The i»ri^dnaU>r i»f the foniMike lakes 7 al (he (ip, hut il can he l.ikeii, of 

M 

Course, al any pniul. hnl (lien 10 eifuatioM p~ . r uinsi he taken only \\]i 


to this p(»mt. ami ttoi die wlnde radiiO'. hm it more coniforlahlc to lake 

I'Itch 

it at die 1i)>. as tan 2 


r Je 


ihhu 1 I Cl 


7h»2 

Now >\e can wnle ui» the eipialioti id the thrust: ‘I* — --, nr in 

U r tan 2 

5i5.^ I IIP r, T ^ K < r tan a 

KufcU^h measure ihenee IIP ,01 in Eufflish 

\< r (an 7 /Itiir, 

'r X K f tan 7 

measure • -- 

525.^ I t; 


1‘hc comiujlatiims ami formula* jjiveii arc of most value to the student 
en^^ineer rallirr than niaKers oi general nileresi to those interested in main' 
tenance ami rej»air. hut are ^jiveii s,i thai a u;eneral vlea may he secured of 
how airplane <k*styn infhieiices iHUtcr needed to secure sustained fliKhl. It 
will he aiijfarenl that the resistance of an uirtdane ilcpcuds upon numerous 
coiisidcrntioiis of design >\li»cli reijiure consulerahlc research in aerodynam¬ 
ics to ilcteniiinc accuralclv It is obvious that the more resistance there 
is. the more power ueeiled to fly at a ^iven sjiced. 

Power Used by Airplanes.—l.ijjht moiioiilaucs have been flowm with 
as little as six or .seven horsepower for short distances, hut mtist planes 
now built to carrv two or three pro]do use en^ine^ of 100 horsepower or 
more. Giant airplaiie.s have been con.stnicleil lia\'in" 2.CXJ0 horsepower dis¬ 
tributed in four or more jiower units. The amount <jf |K>wcr provided for 
an airplane of ^iven design varies wirlcly as many coudilion.s ffovern this, 
but it will ranp'e from approximately one horseiKiwer to each four or five^ 
pounds weight in the case of srry liuhl. machines to one horsepower 
to every fifteen to twenty poumis of ihe total wei^^ht in the case of medium 
speed machines. The ilevelopmcut in airplane and powerplant desi^^n is 
so rapid» however, that the fiuures jfiven can he consulercd only in the light 
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of general averages. Very efficient monoplanes of recent development have 
greatly exceeded these horsepower loadings. A stnal] plane, the Klemm- 
Daimler has carried its load with but twenty horsejKiwer and as this in- 
eluded two passengers, the loading was nearly 30 pounds per horsepower. 
A safe, empirical average figure may he taken ns ten pounds |kt horsepower 
if good performance is to he secured and Rights made at fairlv high speed 
though cases are on record of planes carrying 40 and even 50 pounds per 
horsepower. 



Fig. I4A.—Chart Showing lncrea«« in Speed of Airplanes from 1906 to 1926. a Period 

of Twenty-two Years. 

Why Explosive Motors are Best.—Internal cnmhtistiou engines are best 
for airplane.s and all types of aircraft for the same reasons that they are 
universally used as a soiiixe nf power for automuhiles. The gasoline engine 
is the lightest known form of prime mover and a more efficient one than 
a steam engine, especially in the small powers used for airplane )>ropulsion. 
It has been stated that by very careful tiesigning a steam plant and engine 
could he made that would be practical for airplane propulsion, but even 
with the latest development it is doubtful if steam ]Kiwer can be utilized 
in aircraft to as good advantage as modern gasoline'eiigines are. While 
the steam-engine is considered very much simpler than a gas-motor, the 
latter is much mure easily mastered by the nou-technical aviator and cer¬ 
tainly requires less attention. A weight of ten pounds per horsepower 
is pos.sibie in a condensing steam tdant but this figure is triple what is 
easily secure<l with a gas-motur which may weigh I nit two pounds per 
horseiiower in the watvr-coolwl forms and but 1.5 juiuTids |)er horsepower 
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in the air-cooled types. The fuel consumption is twice as ffreat in a steam- 
]K>weri)lant (owing: to heat losses) as would he the case in a pasoHiie- 
engine of equal power and much less weight. The Diesel engine offers in¬ 
teresting possibility, hut at the present time its weight-horsepower ratio 
is considerably higher than ]>ossihlc with gasoline-engines. 

Wet or Dry Weights,—While on the sitliject of weight per horsepower, 
it is well to point out the difference between "wet** and "dry’* weights. 
The latter is often used by makers of water-cooled engines to show a very 
low weight per ho^^cllnwc^ some large engines having been built that 
have a dry weigh! u( luu sixteen to eighteen ounces per horsepower. By 
the time the cooling Mstem is taken into consideration and the water in 
the ra<liat<ir and cylmdcr jackets weighed, the total or wet weight is con¬ 
siderably greater ami will up]>roxima(e that of air-cooled engines which 
have no ‘*wel*‘ weight because they do not use water, pijung. water pump 
or radiator, and which always have a **dry‘* weight. When comparisons 
are matle between dilTcnng engine types, the total weight of powcrplant 
ready to run tniist be ciMnpure<l as a water-cooled engine is inoperative 
without the cooling anNiliarics and liqiii<l. Some modern forms of air¬ 
cooled engines sintablc for airplane use are shown at Fig. 15 and some 
recently dc\ elope<l and very cfTicieni waUT-ctmled engines for various types 
of aircraft arc shown at Fig. lb. These engines arc shown separate from 
their cooling auxiliaries such as radiator and piping, though water pumps 
are installed. 

The internabconihustion engine has come seemingly like an avalanche, 
but it has conic In stay, to take its well-dc-'Crvcd position among the prime 
movers Its ready adaptation to n»nd. aerial and marine service has made 
it a wonder of the age in the ilevclopinent of sj>ee<l not before dreamed 
of a.s a [>ossihilily: yet in so short a time, its |Hjwcr for speed has taken 
rank on the coinnum road against the IcKiomotivc on the rail with its cen¬ 
tury's iirogress. It has made aerial iiaxigation possililc and practical, it 
furnishes power for all marine craft fr<im the light canoe to the trans¬ 
atlantic liner. It has enahlcfl mankind to travel at sjieeds of over 208 miles 
[ler hour in an automobile. 218 nnles per hour in an airplane and over a 
mile-a-niinutc in a motor boat, it operates the machine tools of the 
mechanic, tills the .soil for the farmer and jiruvido.s healthful recreation for 
thou.sands by furnishing an economical means of transport by land and 
sea. It has been n mni'crsal mechanical education fur the massc.s. and in 
its jircsciil forms represents the great refinement and development made 
possible bv the concentration of the world s master minds on the problems 
incidental to internal combustion cnginccring. 

History of Engine Developraent.'-^A I though the ideal principle of ex¬ 
plosive power was conceived some two hundred years ago. at which time 
experiments were made with gunjK»w<ler as the exjdosive element, it was 
not until the last years of the ciglilcenth century that the idea took a 
jjatcntablo shape, and not until about 1826 (Hrown’s gas-vacuum engine) 
that a further progress was made in England by condensing the products 
of combustion by a jet of water, thus creating a partial vacuum. 

Brown’s was probably the first explosive engine that did real work. It 
was clumsy and unwieldy an<l w'as so<m relegated to its ])lace among the 
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Pig. 15.—Widely Diversiiied Types of Air-Cooled Aviation Engines Showing Range of Design of Accepted Powerplants. 
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failures of previous experiments. No approach to active explosive effect 
in a cylinder was reached in practice, although many ingenious designs 
were described, until about 1838 and the following years. Barnett's engine 
in England was the first attenipt to compress the charge before exploding. 
From this lime on to about 18f>0 many patents were issued in Europe and a 
few in the United States for gas*engines. but the progress was slow, and 
its practical introduction for power came with spasmcnlic effect and low 
efficiency. From 18fi0 on, practical improvement seems to have been made, 
and the Lenoir motor was produced in France and brought to the United 
States. It failed to meet expectations, and was soon followed by further 
iniiirovements in the Hug(»i> nioinr in J*"rance (1862). followed by Beau de 
Rochas four-cycle idea, which has been .slowly developed through a long 
series of experimental trials by ilifYcrent inventors. In the hand.s of Otto 
and Lang<l<m further progre.-'** was made, and numerous patents were is¬ 
sued in Kuglaixl. I'rance, aud Germany, and fcdlowed up by an increasing 
interest in the United States, with a few patents. 

From 1870 imi^rovcmenis .seem to have atlvanced at a steady rate, and 
largely ni the vaKe-grar. fuel <listributiot^ ignition and precision of govern¬ 
ing for variable load. ‘The early iilea t>f the ncce.ssily of slow combustion 
was a great drawback in the advancement of eflicicucy, and the suggestion 
of de koeba in 1862 did not take nKit as a prophetic truth until many fail¬ 
ures and years experience had taught the fundamental axiom (hat rapid¬ 
ity of action in brUh combustbin and expansion is the basis of success in 
explosive m<nors. 

With this truth acceined and tlie dem<nnd for smalt and safe prime 
movers, the manufacture internal-combustion engines increased in 
F.urope and Atncnca at a more rajml rale, and improvements in perfecting 
the details of this cheap and efficient prime mover have raised it to the dig¬ 
nity of n universal, standard im»tor and a dangertms rival of the steam- 
engine for small and intcrniediate powers in stationary atipHcations with 
a prospect t»f largely increasing its imliviilual units to many hundred, if 
not .several thousand horse|>ower in a single cylinder. The unit size in a 
single cylinder has now reached to alxnil 1.201) horsepower and by com¬ 
bining cylinders in the same machine. ]H»wcrs of from 10.000 to 20,000 
horsepower are now available for large jwweqdauts operating on the Diesel 
jirincijile and ai>plied to niariiie use. The use of steam-engines in the auto¬ 
motive field is extremely limited, the writer knowing of no practical steam 
powerplaut suitable for airplanes. 

Main Types of Intemal-Combustion Engines.—This form of prime 
mover, especially as applied ti> aerial navigation, ha.s been built in so many 
<liffcrcnl types, all of which have operated with some degree of success 
that the diversity in form will not be generally appreciated unless some 
attempt is made to classify the various designs that have received practical 
use in automotive an<! stationary applications. Obviously the same type 
of engine is not universally applicable, because each class of work has in¬ 
dividual peculiarities which can best be met by an engine designed with 
the peculiar conditions present based <»n duly to be i)erforme<I in view. 



PjCH^ird X Motor ?700 R. P. M. 
1250 Horsepower 24 Cyiindofs • 
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15.^niuttr«tlon Depicting Practice! Aircraft Powerplanti of Packard Manufacture. A—Thia Type U Made for Diri^ble Balloon 
utiion. That Shown at B ia a Twelve Cylinder Vee Type for Airplanes. The Packard 24>Cy)inder X Motor Shown at C is one of 

the Most Powerful Airplane Engines Yet Produced for its Weight. 
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The following talnilar synopsis will eiinl^le the reaefer lo judge the extent 
of the development of what U now the most popular prime imivcr for all 
jiurposcs. 

A. Tnlernal roniluistjon (Standard Tyive*) 

1. Single Acting (Staiidavil *I'>Ih*) 

2 Double Acting Large lb»\ver Only) 

3. Simple (Universal Korin l 

4. Compound (Rarely l*'»ed) 

5. Reciprocating Riston (Slainlnnl Type) 

6 Turbine (Keviliving KiUor. not fully develojied) 

7 Standard T>pe. Siiiiercharged 
K. Diesel and vSenil-DtC'«el 'Pv pes 

Al. Tvvo*Slroke Cycle 
u. l*orl 

b. Three Fort 

c. (,’ombinccl Twi» and *riiree l*ori 
(I. h’ourth Fort Accelerator 

c, l.iilTereniial Piston ^'ype 
f l)istribiitor Valve System 

g. Doulile I'iston 'Pvt^e 

h. Diesel Svsiein 

j. Senii-Diesel System 

A2. Four-Stnike Cycle 

a Automatic Inlet \ alve (Rarely ChihI) 
b .Mechanical Itilel \alve 
c. JN»]'i»et or Mushrooui \ alves 
i\. Diesel Injection 'Pype 

e. Slide \*alve 

1 Sleeve \ alve. Single 

2 Rccij^rocaling Ring \ alve 

3. Piston \’alvo 

4. Sleeve Valves, Double 

5 (. oinbmed Sleeve ami l'opj‘Ci \ alve 

f. Rotary Valves 

1. iJiSC 

2. Cvliiuler or Parrel 

# 

3. Single Cone 

4. Diiublc Cone 

g. Two Piston (balanced Explosion) 

li. Rotary Cylinder. Fixed Crank (Aerial) 

i. Fixed Cylinder. KiUary Crank (Stainlard Type) 

A3. Six-Stroke Cycle (Rare) 


B. External Combustion (IVaclically Obsolete) 

a. Turbine, Revolving R»>lor 

b. Reciprocating Piston 


CUssification by Cylinder Arrangement.--Anolher nicthml of cla^tsify- 
ing aviation and other antoinotive engines is * the miniber of cylinders 



32 


MODERN AVIATION ENGINES 


and thetr arran^jcmenl. This vanes widely and many unconventional coni-» 
hinations t»f cylinders have been applied to airplanes that would not be 
practical in other automotive applications. Some of these follow: 

Sinjjlc Cylinder 

a. Vertical 

b. Horizontal 

€. Inverted Vertical 

Double Cylinder 

a. Vertical 

b. Horizontal fStdc by Side) 

C. Horizontal (Opposed) 

d. 45 to yo IVj'rees We (Atimdarh Di^iHKcd) 

e. Horizontal Taiuletn (Double Actini;) 

Three Cylinder 

a. Vertical 

b. Horizontal 

c. Rotary (Cylinders Sjiaced at 120 Deffrees) 

d. Radially riace<l (Stationary Cylinders at 120 Dcjrrees) 

e. One Vertical. One Kach Side at an Anjjlc (W Tyt>el 

f. Comi>ouiid (Two Hijjh Pressurv, One l.ow Pressure) 

Four Cylinder 

a. Vertical (Upripht) 

b. Hnriz<»ntal (Side by Sble) 

c. Horizontal (Two Pairs ()i»]K>scd) 

d. 45 to 90 De^jrees Vee (Two ('airs Oj^posed) 

e. Twin Tandem (Double AciiuRi 
£. Fan Type 

g. X Tyi>e 

h. Vertical (Inverted) 

1 . X TyiH* (Catiiitiez) 

Five Cylinder 

a. Vertical (Five Throw Crankshaft, tlnu.sual) 

b. Radially Space<l at 72 Degrees (Stalhmary) 

c. Ratlially Placed AImwc Oankshaft (.Stationary) A Fan Type Motor 

d. Placed Around Rotary Crankcase (72 Degrees Si)aciiig> 

e. Barrel tyjx* 

Six Cylinder 

a. Vertical 

b. Horizontal (Three Pairs Opposed) 

c. 45 to 90 Degrees Vee 

d. F.qually Spaced Ra<llally (Two Throw Crank) 

e. Vertical, inverted 

Seven Cylinder 

a. E(|uaUy Spaced (Rotary) 

b. Equally Spaced (Static Radial) 
c- Barrel type 
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Eight Cylinder 

a. Vertical 

b. Horizontal (Four Pairs Oi>|K>sed) 

c. 45 to 90 Degrees Vee 

d. X Type (Fcnir Pairs of Cylinders) 

Nine Cylinder 

•r 

a. E<(ua1ly Spaced (Rotary) 
h. Equally S|»accil (Static Radial) 

Ten Cylinder 

a. Static Radial ('I'no Five (Alinder l^ngincs Tandctn) 
h. Rotary Radial (Two Five Cylinder Engines Tainlem) 

Twelve Cvliiuicf 

a. Vertical (Unusual Itecaux* <d Length) 

b. Jlorizotital (Six Pairs Ojqiosed) 

c. 45 to 90 Degrees \'ce 

d. W 1‘yjic (Three Ranks of Four) 
c. X Tyjie (Four Ranks of Three) 

f. Static Radial (Six Pairs (i) Degrees Apart) 

Fourteen Cylinder 

a. Rotary (Two Seven Cylinder Engines Tainlcni) 
h. Static Radial (Two Seven Cylinder Engines Tainlcm) 

Sixteen Cylinder 
a. 45 Ui 90 Degrees \*ee 
h. Horizontal (Eight Pairs Opposed) 
c. X Ty|)c (lM»ur lianks of F<»nr) 

J’Jghtecn C*ylinder 

a. Rotary Cylinders (Two Nine (Ahiider Engines Tandctn) 
h. Static Radial (Two Nine Cylinder Engines I'ainlein) 
c. W Ty|>e (1‘hree Ranks id Six) 

T\\enty-I‘*inir Cylinder 

a. X 'r.vpe (Ftinr Ranks of Sixi 

Engine Types DeBned.—In 4»rder to t>re\eiil confusion, the NatliUial 
Aclvisi^ry ('ominitlee ior Aeronautics lias ilefmeil various ly]»es of engines 
as follows: 

barreRtype engine—An engine havings its cylinders arrang^cd eijuidistant 
from and parallel U» the main shaft, 
inverted engine—An engouc having its cytimlers hclow the crankshaft, 
left-hand engine—An engine whose pro)>eller shaft, to an observer facing 
the pro|>ellcr from the anlipnspeller etid of the shaft, rolulcs in a 
counterclockwise direction. 

left side (engine)—That side which, to au observer looking' fnun the anti- 
propeller end toward the |)roiK*llcr cml, lies on the left-hand side, 
radial engine^An engine having stationary cylinders arranged radially 
around a coiniiioii crankshaft. 

right-hand engine—An engine whi>se jtnipellcr shaft, to an observer facing 
the projieller from the anliprupellcr end of the shaft, rotates in a clock¬ 
wise direction. 

right side (engine)—That .side which, to an oliserver lot iking from the 
autiproiieller ciitl ttiward (he tirotietler end. lies un the right-hantl side. 
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Two* C yiindcf. Acting. Tnnr Cyclr* Fnqin^ BUiii furnncf (kis Foc^ 

WfiQK4 AOO Pniindfr H«>r^rpi»wrr 
Vifry muciv tn i'pio 200(* l(«r'.<pi>^«** ^00 R P M. 



Two CylM>d»<’ Opooied ^70^En9^nc -^SO^o 650HofS'*powtT $tt«> 

MO^P^OO Ppuftdi per Hor»«pow«f. PC 100 R P M. 




Stci^ionary Diesel Engine Sfo4»onoify Goc Engine 

450 +0 500 Poyndiper Awwimalrly Tour Cyd«-Two Cy'indi^f 

Hor&ep<^wer ?00A TH VMi Aionds pf r1lursi'pr«wi*i* 


Pig. 17.—Plate Showing Heavy Slow Speed Internal-Combuition Engine! Uied Only 
for Stationary Power in Large InatalUtiona Giving Weight to Horiepower Ratio lor 
Comparison with Aviation Engines. Showing that Ratio Augments with Decreasing 

Spe ed. 
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rotary engine — An cnjjino havini; cyliiulers arrange^t r.vlially with crank¬ 
case anil cvlindcr as'^eniMv rcvnlvinif aronn<l a c*nnmnii fixcil crank 
shaft. 

supercharged engine- An i*nj;iur uitli mechanical moans fur iiuTcasiiifr x\^f 
cylhnier char^^« hey unci ilia I nurmally laken in a I the esisiinf; atmos¬ 
pheric pressure ami leinperaiiire. 

vertical engine -An enjfirie having its cylimlers arrauK^'cl vertically above 
the ernnkshaft- 

Vee*type engine— An engine having its cylintlers arraiigetl in Iw<j rows. 

forming, in the eml view, the letter **\' 

W-type engine An engine havnig ils cylinders arranged in three rows, 
fijriiiing, in the eml view I he letter ‘*\V/* Scniietinies cnllc<l the ‘‘hruad 
arrow type.*' 

Of all the type.s eninneratetl ahuve engines having less than twelve 
cylimicrs are the must jH<|iiilar in everv thing hut aircraft work. The four- 
cylinder vertical is wit hunt dunht the tiiusi widely iiseil uf all types <»wiitg 
tu the large nttmher enipluved as nutiniudnle puvverplants in large produc- 
litm cars such as the iMirtl, C’hevmlet and WhlpiKt ft has alsu given ex¬ 
cellent results in aircraft work ami rec<»rils fur rvliahilily, emluranec atid 
ecotioniv have lii'f'ti tnade with Uith the I) li. Muth and ihe Aero Avian 
fitted with the A I). i\ ('Irrns (hhigdishi molor Slalhniary engines in 
small and medium powers are invarialdv uf the single or dotthle form. 
Three-cylinder engines are sehhun used at the present time in marine work 
or in stati<mary forms hut have heen ajvplied to some extent in Y forms In 
.<!maM sjKirting airplanes Isighl- ami tweh e-cv limler motors have received 
application jiractically aivvavs in aiitomohiles. racing motor htiats or in air¬ 
craft. The only examide uf a fuurlcen-cv limler imUtir Xu he nsed U> any ex¬ 
tent is incor]H>ralc<l in airplane conslrnclion. This is also true of the six¬ 
teen- and eig'hteeii-cv Under furnis ami uf iw ent\-four-cylindcr X engines 
now in process of development. 

Weight-Horsepower Ratio.—'rhe <liily an engine is designed for deter¬ 
mines the weight ]jer hursepiwver. High iH»were<l engines intended for 
steady service are alwav.s <»f the slow spce<! t\i«e ami ctmsctptcntly arc of 
very massive cuiistnictiini, \*ari<nis forms uf heavy <luly type stationary 
engines arc shtuvii at l‘ig. 17. Siune uf these engines may weigh as much 
as fiOO pounds per hurscpcover. .As Ihe crankshaft .H])ced increases and 
cylinders are multiplied the engines become lighter. While the big sta¬ 
tionary povvcrjdaiils may run fur years without rebuiUliug, airplane engines 
require overhauling after about \9J lu MU) hmirs mr service for the fixed 
cylinder tyt>es and 80 hours or less h*r the rotary cylinder air-cooled 
forms. There is evidently a tlecrease in durability and reliability as the 
weight is lessened aii<l speed is incrca.scd. The illustrations presented in 
this volume as the sul>ject i.s developed will jicrmit of obtaining a good 
idea of the variety i»f forms inlernal-cumbustiuu engines arc made in, and 
their installation in various types of aircraft. 

Life of Aviation Engines.--Aircraft engines are usually rebuilt after 
300 hours and have a life of about 1.501*1 hours if jiroperly cared for. 
Modern high spec<l supercharged auto racing engine^ have developed over 
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one t)or!«e)>o\ver f(»r each cubic inch ilisplacement but thi.s calls for .speeds 
of crankshaft rotalion greatly tn excess of what is practical in aircraft work. 
Airplane engines average one horsepower for each three cubic inches dis¬ 
placement. 

A point that should he made clear at the outset is that when average 
or empirical values are given, they are presente<l only for their value as a 
matter of general inhirmation and not as applying to M engines of the 
same general type. 5^ine authorities, familiar with the perhjrmancc of 
some specific type of engine might consider the values high, others, basing 
their opinion on another set of facts might consider the figures low. 

As an example of the maintenance \v<irk done on an airplane engine of 
recent development, the servicing required hy Colonel I.indhergh‘s Wright 
Whirlwind engine in the famous Ryan monoplane (Spirit of St. Louis) 
is outlined by the makers in their house organ. Thr fi'riffht Engine nuildrr. 
during the six limes it was serviced as follows; 

June 13. 1927, at 8S hours—Upon Colonel Lindbergh’s return from 
Europe the engine cam follower was found to he cracked and stuck in the 
guide. This was rejiUced with an ohi tyt>e cam follower from stock at the 
Naval Air Station. Auacostia. 

July 12, 1927. at 95 hours—Engine was removed from plane, disasscin- 
l)lcd, inspecic<l and rcassetiihleil. only replacement necessary being one ex¬ 
haust tappet roller \m\. Several bent push ro<(s were straightene<l and 
ru.sty valve stems jHdished. 

Nov. 3. 1927. at 355 hourju-.Engine was removed from jdane and the 
following overhaul work pcrfcjrme<i: 

All valves grfutnd. 

Replaced scraper ring broken in disassembly ami coni])ression ring with 
broken step. 

Cut in. from threaded end of ga.solinc ]>uiiij» relief valve needle, recul 
slot and replaced battered cap. 

Wa.shed out thru.st ball bearing until it sjutn freely. 

Polished Cnntcx idler gear pin iu fuel pump. 

Replaced hatlerc<l Parker fitting on fuel puiiij). 

Stoned Ijurred compression rings on N<is. 1. 2 and 9 pistons. 

Repl.iccd ignition wire.s with new Airtite cable. 

Jan. 12. 1928, at 415 hours—Obsolete exbau.st valves reijl.'iceil with lat¬ 
est type in Panama. 

Feb. 9. 1928, at 471 hours—Engine inspected at Havana, kcgroimd one 
leaking exhaust valve and checked clearances. 

Feb. 13. 1928, at 485 hours —Two cracked sparkplugs replaced. 

In comparing airplane and aulomubile engines, the latter often need 
an overhauling after 2().000 miles travel and seldom run more than 80,000 
miles as that figure reprcseut.s from four to six years norma! service. The 
automobile engine is operating at less than capacity over 90 per cent of 
the time it is in use. most of the time it is being run at about 25 per cent 
of its power An airplane engine is usually operated in the range from 
75 to 100 per cent of its power. It is so highly refined at the present day 
that it may run as many miles at open throttle and full power output as 
an automobile engine does at quarter throttle, Air-cooled aviation eagines 
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hav« run 300 hours without an overhaul, which c<irr€S|>onrls to 30,000 miles 
service if we assume a s])eed of 100 miles per hour. There is no stock 
automobile en|rinc built that could run even half of this mileage at wide 
open throttle without requiring overhauling. After overhauling, an air¬ 
plane engine returns to service and siune modern engines arc capable of 
undergoing four overhauls and rutin itig for jieriods ranging from 800 to 
1,500 hours without wearing out, or 8().(K10 to l.'iO.onO miles service at prac¬ 
tically its full power outi»ut or at least, three-<juartcrs of its full capacity. 

Future Engine Development.—Turning now p<»ssiblc future develop¬ 
ments it may he c)f interest tt» sj)eciilatc lowar<l wbat direction progress in 
aircraft engines will lead. Pr<iblonis to be s<»1ve<l in this field arc well 
known and consist largely <if detailed iini»rovenients intended to yield 
lighter an<l more reliable engines that will be more economical wdth respect 
both to first cost and to ojieration and maintenance. Although much ex¬ 
perimental effort in ciigmc di‘vrloj»iiinit i> being coniimudly directed abmg 
nncoiivciUioiial bnev, >ucli as ibv barrel anti cam lyj»es. and engines em¬ 
ploying the Diehcl or seini-l )eisel cvcle. it is reasonable to believe that 
iluring the next few years nn(M»rtant advances will be m<ule by conventional 
twelve-cylinder w'ater-coolc<l engines ancl by nuic-cyliiulcr fixed-radial air¬ 
cooled engines, tbe two ty]>es that offer the best possibilities for immediate 
etigincoriiig a<lvancc and wdierc very high pmver.s are retpiired from a single 
motor the N ft^nn of 24 c\ Iniders, the W form of eighteen cylin<lers and the 
double liaiiked nine-r>dinder or eightven-cylimicr radial air^cc^oled engines 
are all possilnlitics that have alreiulv ))ccii reabaed in experimental types. 

It is reasonable to look forward in having available in the near future 
engines that will weigh about one jinnnd per horsejiower; and. concurrently 
with this tlcvcUipnicnt. coiiMclvrablc cDort will undoubtedly be devoted 
hiward reducing the s)>ocdic ftiel-coiiMimption. For it sbonld he ))orne in 
mind that an engine weighing tmr tHuind per liorsci^ower will, at the present 
rate of fuel-conMiinjition. eotisnmi* its own w'cight of fuel every two hours, 
Doped fuels and higher compressions will make iios.sdde higher pow'cr out- 
l)uts for a given cxinidcr displacement Klhybgas is saul to jiermit the use 
of pressures up to 1.^) jMinuds per .square inch before ignition without risk 
of [ireinatnre ignition <ir detonation after iginlion. The coinprcssion limit 
with aviation ga.soliiie is about lUt to 120 jiounds. so a 25 jicr cent increase 
in mean effective pressure is ^Hissiljlr without changing engine designs 
other than augmenting the compression and increasing strength of parts 
U» withstand augnienled stresses tmHluced by incrca.^ed explosion pres¬ 
sures. 

A marked incrca.se in the brake mean effective pressure of aircraft en¬ 
gines during the war periiKj was due principally to improvement in spark¬ 
plugs. The cotni»resM*m-ratio la limited by tbe detonatum characteristics 
of the available fuel; the highest ratio that is rpgar<le<l ns a<lvisable when 
using domestic aviation-gasoline i.^ 5.5 to 1.0. No radical increase in engine- 
power with t>rescnl designs is to lie experled e.xcept as the result of raising 
the normal engine-speed or uf the use of nondcton<ating fuel. By the use 
of superchargers it is cxjiceted that the mean effective pressure can be kept 
at about 140 jMmiuls per .s<|nare inch at the higher engine-speeds, which 
will mean a trernen<lous output of power fr<mi a small engine. However, 
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the effect of Ihe u.sc of tetra-ethyl lead in fuel in permitting higher compres¬ 
sions as well as the use of a snjterchargcr offers interesting possibilities for 
future development as this will reduce fit el-con sumption from the present 
figure by grcally increasing the f>ower output jx^ssildc from a given cubic 
capacity of the engine, which means an increase in volumetric efficiency. 
The lightest engine yet tna<le, namely the 900-hp. llristol Mercury aero¬ 
nautic engine, weighs exactly eleven ounces per horsepower, complete with 
all its auxiliary gear, while the average weight of radial aeronautic engines 
today is 1 4 Ib. per hp. or juM half oi what it was ten years ago. The normal 
maximum output of a ctunmercial engine twenty years ago was ajiproxi- 
nialely six horsepower per liter of cyliiuler capacity; ten years ago it hu<l 
risen to twelve h<jrsepowcr; and today it is well over twenty horsepower: 
yet to all outward ai>pcaraiiccs Ihe engine of today differs but little from 
that of twenty years ago. In this short perifH] it has been learned how, by 
purely detail <lcsign. to increase the effuiency by more tlian 50 per cent an<l 
the speed by more than 130 per cent. 

Airplane Engine Costs.- 'I'he ri*a<ler wlui has jiriccd airjilanc engines 
which arc oiTcre*! by the builders niuy tlinik such engines are greatly over¬ 
priced if be bases his conclusions on cost of automobiles, for example. Air¬ 
plane engine outjutt is Inniled because the demand is limited and much 
of the high cost can be attributed to the high cost of jirculuclion inevitable 
when engnnes are pri»duced in small ijiiaiuittes. As the deinai:d increases 
and the iinuluction augnnents the piiccs uill becinne lower Airplane en¬ 
gines. especially the tvpes built lor mibtnry purposes will never he chea]> 
because of the nature of the material^ used and the expensne machining 
and ins]>cctioii processes will make r, relatively high Ccjst imperative, no 
matter how many eiigniies are bnilt. (*oininei'cial engines, lujwcver. will 
become cheaper as mitpnt increases. 


J'igures taken by conshlering varunis brnns of stationary gasoline en¬ 
gines shim' a price range of from $10 to $Jt^ |»er borsepmver. hlesel and 
kerosene burning engines may cost us tiiiicb a< $^»() per horsepower. A 
good stcam-ciiginc costs $25 to per borscjjowcr for the engine alone 
and it is useless without expensive auxiliaries such as boilers, puin|>s. coii- 
densors, etc, that will bring the cost of the complete iuslallation much 
higher. Motor boat engnnes sell for from $20 to $30 per horse|)nwer- Out¬ 
board motors mnv cost as high as $70 per horsepower for a small engine 
to $35 jier horsepower f<»r a live to six hor-sC|Kiwer .size. Automobile en¬ 
gines Cost from $10 to $4t) per h<»rscfH»wer when purchased separately 
and are not cajiable of niamtaiimig I heir full jxiwer output nearly as long 
without trouble as even the ]HM»rcst of ialion engines. Few sb>ck or 
even racing automobile engines could go through the 50 hour test at full 
throttle that airplane engines pa»is aiol show as little wear and le.ar. 

The writer was recently (juoled a price of $1,200 on an aviation engine 
rated at 80 liorscp<»wer at 2.2(X) r ji.iii., and this was not a wartime left-over 
hut a new. recently dcvelopeil small nolial air-cooled engine. This brings 


the cost to $15.(XI jHT liooejiower. 


An analysis of costs of aviation engines 


by an aeronautical magazine f. nunie recently gave an average 

value of $20 jier borsciMiwer for aircraft engines so if one compares the 
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cost With that of other engines in performance or eiuliiranee, one will con¬ 
cede that such engines are not uiiditly expensive even at iheir present 
prices. 

Air Mail Shows Aviation's Possibilities.—On the twenty-fifth anniver¬ 
sary of the first American rnilroad. there were (»nly 9.051 miles of railway 
tracks in the United Slates. If the comparison with the 17,170 miles of Civil 
Airways in this country on the Iwentv-fiflh anniversary <»f the first flight 
may he taWcii as an index, atr transportation will serve every city in the 
c<utnlfy l)efi»fe many years. In opening tiji now territory fi»r development 
the air[»lane has a trenicndon.s advantage over any other form of transpcif- 
tat ion. All that it needs arc lerminal ]iorts with occasional intermediate 
emergency fields. The railroad must i>‘)l only have Ihe^e facililie.^i. hnt 
they must he connected hy r<»a<l he<ls ami sled rads. Evvn motor bus and 
truck tfansj>ortalion re<piire8 good roads for dVicient operation. Railroads 
and highways are expensive to build. Motmtaincni.s country or large areas 
of low swamp l«in<l arc serious tliflicnlties from lH>(h engineering and finan¬ 
cial piiints of view. The highway of the nrr is as free to man as it is to the 
birds. Already the alrjilanc is |»taying an iin|H>rtanl |>art in devcl(t])ing the 
rich natural resources of remote purls of C*ana<la and Alaska. Central and 
South America, Asia. Africa, and Australia. 

Clothed in various forms, the stateiiient has liecu ma<ic repeatedly that 
the United Slates Air Mad i*^ tlic greatest co-ordiiiaietl Air 'rransjiort .sys¬ 
tem in tfic world. As the year 1028 draws to a close this statement is 
suhstaiiiialcd hy figures that arc iitconirovcrirble. On December 31, 1927, 
the Air xMail routes of the Uidled Slates ctxvercd 8.450 iiirles. over which 
daily flights were made totalling 18.748 miles. During l'U8 new Air Mail 
routes were put in operation coMring 6.170 miles, or 73 per cent of all the 
mileage previously i^pernted. Over these routes mail is flown 12,352 miles 
tially. By adding the totals of mileage inaugurated in 1^28 to that of the 
routes previously in operation, \vc find that at this writing the United 
States Air Mail routes cover 14,626 miles of Civil Airways, flying 31,352 
miles a dav. 

Night Flying Over Lighted Airways.—Perhaps more uotew'orthy 
than any other pariicnlar feature is the great (le\ elopnicut of night flying 
over lighted airways. It is this <ivi'rnight service between cities a thousand 
miles apart that is making Air Mail of such ircnieiidous value to business 
and banking and private indivuluals. For example, the Atlanta-New York 
Air Mail mute is one of the ime.s flown entirely at night. The two cities 
are 763 miles apart on an air line, hut a letter mailed at 6 p. m. in Atlanta is 
delivered in New Yt>rk in the .same delivery as a letter mailed in Newark- 
fifteen miles away—at the same hour. Of the 14.626 miles of Civil Air¬ 
ways 9.s342 miles nr 64 per cent are lighted for night flying. The figures 
presented in the prcce<ling paragraphs, it will he iu>ted. refer only to Air 
Mail routes. In addition to the mail operations there are numerous passen¬ 
ger and express lines flymg regular daily .schedules l>el\vccn American 
cities. There are 2,544 miles of these mules, flying a total of 12,903 miles 
a day. This make a grand t<»tal for all mail, express and passenger air 
lines of 17,170 miles of airways <»ver which jdnncs fly on regular schedules 
44,254 miles tier day. 
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14,626 Miles of Airmail RouteSy December 31,1928. 
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It is frequently said that the United States, the birth place of heavicr- 
than-air la^s disgracefully Iiehind Eur(»i>c in Air Transportation dc* 

vclopmcnl. 1'his was unfortiiiiately true until this year. Imt at this writing 
we can justly let figures s]>cnk for themselves. In 1927 on all European Air¬ 
ways I2,616,73i miles were fiowTi. An extremely conservative estimate 
for mileage flown in PUK on schednied passenger, mail (»t express flights 
in the United States is 1.1.5lX).000 miles. This estimate is based on only 300 
clays of the year. In acblihori lo this, tlie department of Commerce esti¬ 
mates that over 30.0(K).000 miles were flown in 1928 in the United States by 
air service c»pcrat(»rs on nnschedule<l flights. 

True, this c‘»nntry has lagged behind Europe in pas.senger Air Trans¬ 
port. but ihi.s situation has Iwen considerably alleviate<l in 1928. At this 
time 42 American air routes arc filing jiasscngers on regular daily sched¬ 
ules. Many of the large ccnnpanic.s now o[>eratiiig mail or e.xprcss routes 
.arc definitely planning to inaiigurale juisscngfr service in the near future. 
Some ccmijiaiiics, such as 'rranscoutinental Air Transjiort and Pitcairn 
Aviation, Im*.. have aniiouuce<l passenger Air lines by <lay that will connect 
with rai)roa<ls over which the passengers may continue their journey by 
night. 

In rect'rdmg this account of .^ir Transportation <levcloj>incnt in the 
United Staic.s in 1928. It i.s fitting to comment on the one outstanding 
event which coiUnbutcfl more U* the development of Air Mail than any 
other feature. This was the inauguration of the five cent Air Mail rate by 
the Post Office nriiartment on Angu.st 1st, 1928. The innncdiale effect of 
thus action was to a|i])roNitnately double the amount of Air Mail flown, 
from 2(X),0lK) pt>uiids in July to -KX).(^KI pounds in August. Since then the 
poundage ha.s steadily increased, with every iiidicaticm that it will exceed 
half H luilbon jnmml.s in Decctnlicr. I'his is as much Air Mail as was 
carried m any three iihuilhs prior to August of this year. 

Future Airplanes and Commercial Possibilities.—With this growing sup¬ 
port by the government and the peojde of the Unilctl States, it is incon¬ 
ceivable that Air 'rr;insjM)rtalion in this country will not continue to rapidly 
accelerate its growth. No one can say uhai the fiilnre holds in store in 
airial trans])ortati<m. At this writing the plans have iKcn made public for 
a tremendons fly mg lu»al designed by llorior Kumplcr of Berlin. It is 
in effect a “flying wing,’* with ten motors <•( a tiuni.sand horsepower each, 
in the trailing etlgc of the wing, which uKo accommodates the passengers 
and baggage. 'I’his is a radical deparlnre from established practice, in that 
the wing itself carries all of the useful limd and pay load, the fuselage 
serving only ns the suptiori of the steering airfoils and the landing siti)- 
ports. Perhajis this is an indication of the future airplane, just as the 
doubling of Air Mad volume since August 1st is an indication of the day 
when Air Mail will be rrckoued in tons instead <if pounds. As far as sus¬ 
tained flight is concerned, the U. S. Army Fokker-Wlnrlwind monoplane 
“Question Mark** iimler cotiiinaiid of M.ijor C arl l)rc>kc all world's 

records for time in the air by lb ing 15(1 hours and 40 minutes over Califor¬ 
nia, the flight starling ou January Nt. I92^>, atid la.siiiig six and one-quarter 
days. This record was made jKissible by refueling the airplane and trans¬ 
ferring other sni>fihes from '‘tencler*’ airplanes while in flight. 'I'his also 
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opens up vast commercial possibilities as well, as nonstop transcontinental 
flights with a pay luatt now seem ]K>ssible. 


QUESTIONS FOR REVIRJV^ 

1. Into wlun Iwn liranrlie'i is ihc .srinicr r)f A('rnnaiitic> divMlecU 

2. Name nrinciiKil ly|»i’s nF lienvicMbiiii*air ,4ircraf( 

3. Name prihcipal ty^Hw oF lii;Uu*r>ijtink-air aircrafi 

4. Whut is the <1ilTercnu* ImIwitii a helicopter ;inil .iii airplane? 

5. Why il<» snnie airplane* lise iimre than one motor*' 

6. What is the IrmiOni' factt>r t(* en^finc sire? 

7. Wliy must aviation ciiinttvs be li>;h(^ 

8. What IS the cffcrl of rrsistancr on iMmer reninrcd to fly*' 

Flow nmeh |if»wcr ili» air|dunes need'' 

10. Whal Is tile difference Ik* I with ‘'wel" and “dry** weijthls' 

]1. Name tnani lyiies of aviation eiiMines 

12. Define—‘‘barrel type engine'’, “rotary eiigtne**, “siipcrcbarged engine/’ 
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OPERATING PRINCIPLES OF TWO- AND FOUR-STROKE 
ENGINES—ELEMENTARY THERMODYNAMICS 

Four-Cycle Action—Two-Cycle Action—Comparing Two-Cycle and Pour-Cycle Types 
^Charge Distribution—Double Piston Supercharged Two-Cycle Engines—What is 
Work?—Heat is a Form of Energy—Measuring Intensity of Heat—Measuring 
Amount of Heat—Meaning of Specific Heat—First Law of Thermodynamics- 
Relation of Heat and Work—Laws of Gases—Meaning of Absolute Scale—Funda¬ 
mentals of Thermodynamics—Specific Hear of Gases at Constant Volume— 
Specific Heat of Gases at Constant Pressure—Constant Pressure Expansion- 
Constant Temperature or Isothermal Expansion—Adiabatic Expansiorv—Actual 
Expansion Curves—Graphic Representation of Fuel Efficiency. 

Before (lisciissinjj the construction of the various forms t)f internal- 
coiiilmslion cii^nu's it mat he well lo tU-siTihe the o|»rrAlnij; cycle c»( the 
tyjH's most ^'rncrally used *rhe t«'o-cvcle is fhe Mmjvlest hccause 

there are no valves in cotntoctioii with the cyhinler. as the ^as is intnvinceci 
into that menificr and e\|«dleil fruin it Ihronjth [K^rls c<»red into the cylin¬ 
der walls, 'I'hese are cover<*d l»y ilic juslon at a ceriain i^orliou of ils travel 
and nncuvpre<I at oiher imrls of its strr*kc. In tlic four-cycle ciipine the 
explosive gas is admitled to the cylinder thr<»ugh a port at the head end 
closcti hy a valve, while the cxhaiisl gas is <*.n] Killed through anollier port 
Controlled in a similar manner, 'riicsc vaLcs arc operated hv mechanisin 
distinct from the pi.ston. 

Four-Cycle Action.—'I'lie action of the four-cycle type may he easily 
understood if otic refers u» illustrations at Figs. IS and It is called the 
“four-stnike engine** hecaiise the piston imi.st make four strokes in the 
cylimicr f(»r each explosion or power impulse ohiaincd. The principle of 
the gas-engine of the internal Ciunhustion type is similar to that of a gun. 
i.e.. power is ohtatned hy the raj del c< mi I ms turn of some explosive or <[uick 
Imrning .snhslance. 'hhe hnllel is ilriven out of the gnn barrel hy the pres¬ 
sure of the gas ev<»lved hy the rapid lieating ami incvitahic expansion when 
the charge of jiowder is igiiitetl. The pistim or mo\ahle clement of the 
gas-engine is driven from the closcil head end ii» tlic crank end of the 
cvliniler l)y a similar expansiim of gases resulting from comhustum. 'fhe 
first operation in firing a gun or securing an cxjdosion in the cylinder of 
the gas-engine is to fill the Cimihiistion siiace with comhnstihlc material, 
This is done m tlie engine hy a clown stroke <»f the pisUm <luring which time 
the inlet valve opens to admit the gasecnis charge forced in hy air pressure 
to the cylinder interior. 'I'liis 0 |K‘nilioii is shown at h'ig. 1^ A. 'Vhe 
second ojjeralion is to compress this gas which is dcnic hy an upward stroke 
of the piston as shown at Fig. 18 B. When the top of the comjiression 
stroke i.s reached, the gas is ignited and the |>isioii is driven down toward 
the open end of the cylinder, as indicated at Fig. 19 C. The fourth opera¬ 
tion or exhaust stroke i.s perfonnctl hy the return upward movement of 
the piston as shown at Fig. 19 D during which time the exhaust valve 
is opened to permit the Imrnt gases lo leave the cylimler. As so<m as the 
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piston reaches the top of its exhaust stroke, the energy stored in the fly¬ 
wheel rim during the |>ruver stroke causes that lueiuher to continue revolv¬ 
ing and as the pistiMi again travels on its down sln»kc the inlet valve opens 
anil admits a charge of fresh gas and the cycle i*i i»piTalunis is repeated. 

The illustrations at h'lg. iO show how the various cycle functions take 
place in an L head tyj»e water*coole<] cylinder engine. The sections at A 
and C are taken through the inlet valve, those at It and 1) are taken 
through the exhaust valve as the valves are >ide hy side in the chamber 
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Pig. 18.—Diagrams Explaining Action of Pirat Two Strokea of Piston in a Pour-Cycle 
Engine, in Comparing them to Similar Functions when Loading a Cannon. 

extending from the side of the cyliinler. so one valve hities the <»lher in a 
sectional view. 'J'his oj>eration of valve.s can l>c studied to Iwtter advan¬ 
tage by the novice by consulting Fig 21 which shows the overhead valve 
construction usually followed hy designers of aviation engines and has the 
camshafts separated, i.e. showing one for operating the inlet valves and one 
for actuating the exhaust valves, whereas in practice, usually hut one shaft 
carrying Ixilh sets of cams is used to operate both intake and exhaust 
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valves. Some eiij^incs lia\e two owrhead shafts. st<le 1>y side, one for each 
bet of valves as will he shiovii later. 

Two-Cyclc Action.—The tw<»-ryclc engine w<»rks on a differeut prin¬ 
ciple, as while only the comlnistifin chaml*cr end of the piston is employed 
to do useful work in the fonr-eyelc engine, l>oth upper and lower ]H»rtion8 
are called uiwn to perform the functions necessar}* to two*cyclc engine oper¬ 
ation. Instead of the gsis being admitted int<* the cyliixler as is the case 
with the four-stroke engine, it is first drawn intt» the engine base where it 
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Pig. 19.—Diagrams Outlining the Second Two Strokes of the Piston in a Four-Cycle 
Engine, Given in Comparison with the Explosion of Powder and Discharge of Shot 

in a Cannon. 

receives a preliminary compres.sion )>rior to its transfer to the working end 
of the cylinder. The views at Fig. 22 should indicate clearly the operation 
of the iwo-jKirt two-cycle engine. At A the tnston is seen reaching the top 
of its stroke an<l the gas alK>vc the piston is being c<»mpressed ready for 
ignition, while the suction in the engined)a5e causes the automatic valve to 
open and a<lmits mixture from the carburetor to (he crank case. When the 
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piston reaches the top of its stn»kc. the compresscit jfas is ig:nited and the 
piston is fin veil down on Ihr |Mi\vtT stroke. cnnipressinK I he rtis in the 
engine base. 

When the top of the piston inioi>er.< the eshnnsl prtrt the framing gas 
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escapes hecaiisc ils prcsMirc. A <U»>vmvaril inDVcnicul of the piston 
uncovers the inlet ]iort opposite the exltanst aiul t>ermits the fresh ^as to 
bypass thnni^h the transfer jiassauu fri>ni (he base to the cylinder, 

'rhe conditums with the intake uiul exhaust pi»rt fully opened are clearly 
shown at Fijj. 22 C. The deflector plate on the top of the piston directs 
the eiileriiitc fresh ^jsis to the lop of the cyliiider and prevents the main i)or- 
lion of the ^us streatn from flowing out throiiifli the open exhaust port. 
On the next upstroke iif the piston the i^us in the cylinder is Ciunpressed 
and the inlet valve <»pene(]. as slio^’n at A to permit a fresh charge ti» enter 
the engine base. 
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'i'he operaliiiK ijriiicipk* of the ll»rfe-iM»ri. Uvo-cyclc engine is practi¬ 
cally the same as that previously (Ies<*rj1>e<l with the exception that the gas 
is admitted to the crankcase through a third jjori in the cylitxler wall, which 
is uncovered by the piston when that iiiember reaches the end of its up¬ 
stroke. The action nf the threc-|K»rl form ran be readily ascertained by 
studying ibe diagrams given at Fig. 22. Combiualion two- and three-port 
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engines have b^en evolved and niher mcKlificaliona made to improve the 
action. 

Comparing Two-Cycle and Four-Cycle Typea.—In the earlier years 
of exploaive-motor progress was evolved the two types of motors in regard 
to the cycles of their operation. The early attempts to perfect the two-cycle 
principle were for many years held in abeyance from the pressure of inter¬ 
ests in the four-cycle type, until its simj)licily and power possibilities were 
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demon.strated by Mr. Dugald CJerk in England, who ^avc the principles of 
the two-cycle motor a broad bearing? leadin^j to jnimeHfatc rmprovenicnts in 
clesigTi. wliicli has made furiher pro^rres.'« iii llic Fniteil Slates, until at the 
present lime if has an e<)uaT standard value as a fnt>ti>r-pi>wGr in some 
applications as its ancient rival the four-cyric (»r Otto type, as demon¬ 
strated by Beau <lc Kncha in I8f)j. 

Thcrniodynanucally, the inelhrKN of flic Uvn tvfies arc e<|ual as far as 
coml)usti<ni heal i.s c<»m*crnr<l. ntnl r<mi|>ri*ssu)n does bivnr in Inr^c deffreo 
the four-cycle type as u ell as the jniniy of the charj'c 'I’he cylinder volume 
<»f the two-cycle motor is much smaller per unit of j>nwer as the ex))losions 
occur twice as often as they do in a four-stroke cylinder an<l the envelop¬ 
ing cylinder surface is therefore greater jjer unil of volume, lienee more 
heat IS carried olT by ihe jacket water during eonijiressiinv anti the higher 
compression available from this temh to increase the economy during com¬ 
pression which is li>st during expansum to s«»inc eMenl. 

From the above considerations it ma\ be safely stated that a Inmr 
temperature aiul higher pressure i»f charge at the beginning of compression 
is obtained in the lsvo-c\cle motor, greater weight <»f charge ami greater 
specific |H)wer of higher ccniipresM<Mi re.stilling in higlier thermal efiieiency. 
The smaller cylincler for the same power of the two-cycle motor gives less 
frictum surface i>rr imimlse than of the other type; although the crank- 
chamher pressure nuiy. in a measure and often <loes balance the friction 
of the four-cycle tyf>c. Probably the strong^'st points in favi^r of the simple 
two-cycic ty|>c are the lighter cmistruction and the ah.scure of valves and 
valve gear, making this ty|>c the most siiufde in construction and ific light¬ 
est in weight for ii.s dcvelopeil |>ower, S'el. for the larger j»ou*er units, the 
four-cycle type will no doubt always luaiiitaiu the .standard for efficiency 
ami durability of action. The llie.»rotical siiperioniy of the two-cycle is 
not always Ihwuc (mt by practical considerations l»ccause it <h)es not give 
twice the power of a four-cycle of e<[uivaleut ]iistoii <lis)»lacemenl and 
r, p. m., even thoug'h it gives twice «ts many inijMd.s4*s jicr revolution of 
the crankshaft. The two-cycle is not as econimiical in fuel consumption 
per horsej)ower dcvclc»ped as Ihe four-cycle lyjic is. Though it has twice 
the power strokes per cylimler, the output is incre«iscd only about 1.5 
times inslea<l of two times as a hasty consideration might indicate. 

Charge Distribution.—'I he dnstrihution (d the charge* and its degree 
of mixture with the remains of the previous cxidoshm in the clearance 
space, h<as l>een a matter of discussion for Iniih types t»f exjdoslvc motors. 
In Fig. 24 A we illustrate what theory suggests as to the distribution of 
the fresh charge in a two-cycle motor, and in Fig. 24 B what is the proba¬ 
ble distributkm of the mixture when the piston starts on its compressive 
stroke. The arrows show* the )irobablc direction of flow <*( the fresh charge 
and burnt gases at the crucial moment. 

In Fig. 24 C is shown the complete out-sweep of the products of 
combustion for the full extent of the pi.ston strf>ke of a four-cycle motor, 
leaving only the volume of the clearance to mix with the new charge and 
at D the manner by which the new charge sweeps by the ignition device, 
keeping it cool and avoiding possibiHties of pre-ignition by undue heating 
• d the terminals fd the sparking device, 'rhus. by enveloping the sparking 
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device with the pure mixture, i^ition spreads through the charge with 
its greatest possible velocity, a most desirable condition in high-speed 
motors with side-valve chambers and sparkplugs within the valve chamber, 
a common method of constructing autnitiobile engines. 



Thoorptinil nmUitioo. PraitlOQl (Mikdltloii. 



Esbaust. New <*llarge. 


Pig. 2e.«DUgram Contraiting Action of Two* and Pour*Cycle Cylinders on Exhaust 
and Intake Strokes to Show Superior Scavenging of Pour-Cycic Cylinder. 
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Double Piston Supercharged Two-Cycle Engines.—The development 
of the supercharger and its application to the four-cycle type of engine ha.^ 
resulted in the design of a double piston type of two-cycle engine in which 
an effort is made to secure the intrt>clMClioit of a greater weight of charge. 
This development has 1k*cii carried on in Germany by Junkers, and in 
France by Causan. The V. I A. T. interests in Italy are also working on 
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engines of this principle. The general arrangement of the Causan engine 
is shown at Fig. 25. Two pistons are used in each cylinder, each driving 
a crankshaft, the two of which are made to turn in unison by geared con¬ 
nection with a central shaft which delivers the power generated by the 
engine. One piston controls the exhaust ports, the other piston the porta 
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through which the fresh gas is forced by the Roots displacement type 
supercharger driven from the central gear. The sparkplug is mounted in 
the combustion space, which is f<»rmed by the two pistons when they are 
at the inward end <>i their strokes. The explosion of the compressed gas 
pushes the pistons apart, and imparts i>oM'er to the two crankshafts. The 
piston controlling the exhaust |Kiris Hr(mn<l the cylinder ojiens the ports 
before the other o])cn.s the intake j)orts an<l the exhaust liming is thereby 
given a Icatl over the intake opening. Further movement of the pistons, 
after the exhaust gases start t(» flow out, results in the intake ports opening 
and a charge of fre.sh gas being ft»rce<l in by the hiower rotor The incom¬ 
ing fresh ga.s. which greater than atmospheric pressure forces out 
practically all the burnt gas and a cleaner and denser charge is jircscnt 
when the pistons start to compress ii. 'I’he engine shown is a fonr-rylliulcr 
lyiie. giving the same number of impulses per crankshaft revolution as an 
eight-cylinder four-cycle does. In this engine, which has a bi»rc of 60 
lum. an<l a stn»ke of (it* mm., I.V> hornefuMver is developed at 4,40C) r.p.m. 
The mechanical friction loss imi'^t l>e liigber than the conventional two- 
cyclc and power is also rei|uired to <lrive the blower. The same principle 
is being exj>crinienteil with by 1 linkers for aircraft use, but only air is 
forced in the conibnslion .st^ace iin<l fuel injection on the DiC'^cl priuci]de 
[icrinits of Ibe cliinmatinn id the elcctiic spark fur ignition am) the use of 
fuel oil in.slead of gasoline with a great reduction in fire risk. 

What is Work?^l'elore we can gain a gcKKi conception of the heat 

engine we must get a clear idea as to the meaning of the \v<»r(l “w'ork” as 

It is Used ill science. Ily *‘wi»rk’* is meant mechanical energy, that is, the 

overcoming of resistance by a force acting through a ilermlle distance. 

Work is mensurcil by the jiroduci of the force-acting and the di.slance 

through which it acts. 'rims, if u ten pi mud weight is lifted for one f<K»t a 

certain amount of work is <lone. If it is lifted two feet twice the work is 

(lone. It can be seen bv this dehnitum. that if one mrrelv stands aiul holds 

• » 

the weight he does no work. .Such is. of course, oppo.sed to our feelings in 
the matter were we holding the weight, but .surely if ue place tbe weight 
on a table and let it be there we cannot sa> that the table is working. The 
unit of Work m Fngbsh speaking connlnes is the 'T«iot |M»und.’* and is 
equivalent to an amonnl of work ccjual to that exerted if one (Kiund i.s lifted 
by incrcTiienib of the fool. 

Heat is a Form of Energy.—What is this thing called heat of which 
we speak so frec|ncntly? ages that <|tie.stioii has baffled mankind and 
it is only within comparatively recent time.'^ that the (piestion ha.s been 
answered with any degree of certainty. According to the modern Kinetic 
Theory, the molecidcs. or particles of matter of which everything is coin- 
l>osed. are in a state of vi«»lent nioliun or \ibration, thus iiunioii being s<»me- 
what restricted along more or le.ss dehnitc path.s in solids and liquids, 
whereas in ga.ses the molecules move in free paths bounded only by colli¬ 
sions with other nudecules. Tbe veliK'ily nr violence (d this motion is 
dependent upon the teni]»erature, and increase.s with an increase in tem¬ 
perature. In general it may l>e said that the energy which it takes t<j heat 
Uj) a given body goes into increasing the kinetic energy of inotum of those 
molecules and into increa.sing their distance apart. In other words, heat 
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is a form of cner^fy. ?.cf<»rc wc an any further it he well tn point 

out a distinction existiujf U'lwten c|iiantity and inirusity ni heat. To use 
a time-uorn cxanijde there may he more heat in a frozen lake than in the 
boiling tea-kettle on the stove at Inniic. hut the h<‘al is more intense, or 
in other words at a higher lenijiernlnre. in the Ica-kettle 

Measuring Intensity of Heat.—H iks leads ns to inethocls of measuring 
heal. First let us consider the intensity or tenij»erature. \*i»t this ]nirpose 
two .scales arc in cuinmon use. the Fahrenheit and the Centigrade Just 
how or why the l**ahrenheil scale svas adopted nr» one seems exactly to 
know. t»r al least cxiilaiuations seem to dilTcr. At any rate, on this sccile the 
temperature oi niching stdirlified water has hcen h.xc<t at tlegrees, and the 
temperature of boiling water at sea level at ilJ degrees, making IW de¬ 
grees hetween ihcin. Unfortunately this is the scale which is in most 
commim use in this country and in Fuglatvl among the engineering pro¬ 
fession. aiul h«as le<l ti» no end of confusion because all scientihe work 
thronghoul the world as well as iiio>i engineering w<»rk in the oilier coun¬ 
tries is coiulucted in lerm> of C*eiiligrii<le scale. On this latter scale the 
temi>eratnrc of melting ice is fixed al zero <lcgrce and that of boiling water 
at sea level at HX) tiegrees. in addition to these tw(» scales there is another 
scale called the Absidulc Scale, which muv he nieasiircd in terms of either 
Fahrenheit degrees or C*enligrade ilegrces. and of which iiu»re will be said 
in a later t»aragrapli. 

Measuring Amount of Heat.—A.s tip|H»sed ti> this ineasureincnt of the 
intensity of heat, we have another measure of the c|uaniity or amount of 
heat. If a certain amount of unter is healed so many ilegrees with a given 
gas (lame in five minnles. it >vill take Iwo such gas flames to heat twice 
the atnounl of water the same number of degrees of lemticralure in the 
same tune. Thus we usty that the amount of heat in the secmul case is 
twice that in the first ease, although the temperature may have heen the 
same in Ixith cases. It is necessary to have some niiil of measure to con¬ 
vey to anoihcr persmi just what is meant by so much heat, just as one 
needs a measure of distance to tell h<»\v far it is from New York to Wasli- 
iiiglon. In Knglish-spcakmg CiUintries this unit has been culled the Uritish 
'rhermal Unit, and is ectnal to tlie atnounl of heal which will jn.st heat one 
pound of water to one dcg^rec Fahrenheit. This unit has heen conveniently 
abhrevialed the Ibt.n. The Metric unit is the C!a1ory. which is the amount 
of heal which will heal just one gram of water one degree C eiitigradc. 
The rcason.s for choosing water as the standard were numerous, hut the 
mo.st important reasons were that pure water wa.s easy U* ofitain, that it 
was the same the worbl over, ami it had with the exception of a few of the 
lightest gases, a higher heat absoqitiun capacity ]»er pound than any other 
substance. 

Meaning of Specific Heat.—The Specific Heat is the amount of heat, 
measured let us say in H.t.n., which one jKiund of a substance will ahsorh 
and just have its tenijieratnrc raised <me degree. 'I'hc specific heat of 
water is. therefore, 1.00, while that oi most other siibslances is a fraction 
inasmuch as their heat hobling capacity |>er poun<l is less than that of 
water. If then we have a definite snhstance, iron for example, which has 
a specific heat of 0.112. and if wc want to raise five j>ounds of it from the 
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In order to convert cleirrccs Fahrenheit into 

Jc^green Centigrade, nublract 32, multiply the 

remainder by 5 end divide by 9. lo turn 
Centigrade into Fahrenlicit, multiply the num¬ 
ber of degreee Centigrade by 9, divide by 5 and 
add 32 

Example: To eon vert 77^ Fahrenheit into 
Centigrade 77 -32 •45. 45Xi-250C. 

To convert - IQo Centigrade into Faiirenheit 
-lOx?- 18 -18+32-140 F. 
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temperature of the room or about 70® F. to 200® a difference of 130®, 
it is4 easy to see that we will have to apply 0.1 J2 times five times 130 B.tu.s. 
In other wonl.s. if we j«it it in mathematii'a] terms, and let 
C ccfiial the specific heat of any j^veii substance 
t, the initial temperature nr temperature before heating 
U the final icinperature or tem|»eralur« after heating 
Q the quantity of heal put in Il.t.u.s 
W the weight <if the su1)suncc heated 
il i.s ea.sy to see that 

Q = W C (I,—U) (1) 

This simply means in plain everyday English that if we want to find out 
how niueb heat il is necessary in pnl into a substance lo raise il a given 
number of degrees in lem|HTaliirc we merely mnititdy the weight of the 
substance b\ ibe sjiecific heat and then by the difference of tenqierature. or 
the degree's rise. 
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Fig. 26.—Apparatus Showing Method of Determining Relation Existing Between 
Mechanical and Heat Energy at A. Diagram Showing Heating A Gas Under Constant 

Volume Conditions at B. 


First Law of Thermodynamics.—We all know lhal if one mbs one’s 
hands together very >igoronslN ihoy will get uarin, in fact very warn), just 
try il once. Mow many readers have not, when they were young clinibeJ a 
rope on a dare, only to be tired out at the top and inclined to slide down 
rather rafndly. aixl as a resull suffered burned haixls and legs where the 
rojie was alloweil to slip? Mow often have we seen the sjiarks fly from the 
brake shoes of a long freight train as il was sliding <lown grade? 'fhese 
are all examples of the working out of ihc fir.st law of thermodynamics; 
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that is. that work can fn* converted into heat. On the other hand, snpiiose 
that we pul a fire-cracker under a tin can and li(?ht the fuse. The can 
will be blown a hundred feet in the air if wc have a lar^^ enough fire¬ 
cracker. This is an example of the first law of thcnmxlynamtcs working in 
the other direction; that is. that heal can !>e tnrne<l into work. 'I'he heal 
generaied l>y the hnnitng and exjihision of the jM»wdcr in the fire-cracker 
was turned into work in lifting Ihe can up into the air. 

Relation of Heat and Work.— Scientifieally ihi.s proiuisition is demon* 
slruled in a hit difTereul manner, inerciv so that quantitative measurements 
can he made. Thus if an apparatus as in Fig. 26 A is set up. arranged so 
(liar as Ihc one pound weight falls ii will uinviiul the cord from the tlrinn 
and turn the paddles in ihe water cmiiaiiicd in the insulated container, heat 
will he generated due to ihc friction of the wheels churning in the water. 
Now If the can were insulnled lo prevent the radiation of heat, the |ntlley 
nearly friclionkss. and if there were jiisl one pmind of water in the con¬ 
tainer, it ha.s heen been found that when the weight has dro]»pcd about 800 
feet the temperature of the water will have iticrcased jn^l ahout one degree 
Fahrenheit. Of course, the apparatus a.s described and illuslrate<l is rather 
cnule hut it is prcsctilcd to show princi]dcs lion ever, the roults of very 
refined measureincnis indteate that work can l»e converted into heal in the 
ratio of 778 Uuii pounds of work to one H.l u. of heat. 

Conversely it can he .shown tlieoretreally that if we hatl a jierfect heal 
engine, and If we addcil one fkl.n. to it we shonhl get 77K fool ])cmnds 
work out. Ihihiriimaiely. uc never ha\eactnafl> accomplished this latter 
feat. The most cnicicnl heat engine known which cannot he applied to air¬ 
craft on account of its v\ right. Tf'Iie Islrll hhigiiie) gt*ts hut little more 
than 350 f<»rit pountls mil of each l» l.ti. jutl m, whereas nuist engines get 
hut from 50 to idO foot ]h»un<ls t»f work per Iht.u added. A formal state¬ 
ment of (Ins first law of thermi»dviiamics is as follows —Meat can he con- 
verted into w<»rk. tiT work nito heat in the ratio of 778 foot jHiunds to one 
B.t.u. This is merely anollier way <»f stating the law of conservathm of 
energy; that is, Ivnergy cannot he created or deslniyed. It can, however, 
!)« changed from one form to anotlier 

Laws of Gases.— In studying gases it is general practice to s)H*ak of 
so-called "|>erfecl gases.** Such a gas dvws m»t exist, hut all gases that are 
cousidcrahlv alHJVc their h<|ucfactum tenipcratiire hehavc so very nearly 
like what we think a perfect gas would dc» that \vc call them jiractically 
perfect gases. Steam, unless highly sui>erheatcd, docs not, therefore, be¬ 
have as a perfect gas becau^e ii is a water vajHir and not a gas. 

If we have a closed ve.vsel as in Fig. 26 B. filled with gas and having 
a thernioineter so arranged that the tenijierature of the gas can he meas¬ 
ured. and also a manometer or pressure gauge so arranged that the pressure 
can l>e measured, we will find if we heat the gas up, its pressure will rise 
1/460 of what it was at 0** F.. for every viegree that we raise its tempera¬ 
ture. This is. of course, only true if we speak oi the ahsolute pressure; 
that is, the pressure above the atmosi^heric pressure, which our gauge will 
record, plu.s the alniosplicric pressure. Thus if we have 5.3 pounds per 
square inch gauge pressure, or twenty ]>ouiids per square inch ahsolute 
pressure with the temperature at (F K.. and then if \vc raise the temperature 
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to 460'’ F., it foUows that \vc will double the pressure which we had at aero 
ami will tiuTcfore have 40 pounds per square inch absolute or 25. 3 |K)unds 
pau^e. 

Meaning of Absolute Scale.—Now on the other hand, if we have a vessel 
as shown in 27 with a frlctionlcss and weight less piston fsuch is. of 
course, not phyKically possible, but other ex]>eriinci]ts have been made 
which indicate that the follow in would In; tnicl and arranjjed so that wc 
can measure the tciiijHTature. we find for every <lepree Fahrenheit that wc 
raise the temperature we would increase the volume of the gas 1/460 of 


fncffCn/^SS fisr^n 







Pig. 27.—-Set-Up of Apparatus to Show Espanaion of Gas by Increase in Temperature 

its volume at 0® F. Tlic piston would, of course move out and the pres¬ 
sure would remain the same; that th, it would aivvay.s cijual the atmospheric 
pressure on top of the piston. This tneaus that if we have one cubic fool 
of gas at zero degrees temperature we wtndd have two cubic feet at 460® 
F. The two facts as given above lead to the conclusion that if we have a 
perfect gas (one which would ol>cy the al>ovc laws at all teni)>cratures) 
the volume and pressure would hocrjme 7.ero when a temperature of 460® F. 
he low zero was attaine<l. This point is called the Ab.solute Zero. Such 
could not lake place with real gases because the molecules of the gas take 
up some and at very low tempera lures all of oi\r gases liquefy or 

freeze into solids. Hydrogen liquefies at the lowest temperature, and has 
been lM>iled at very low pressures within a few degrees of the Absolute 
Zcr<». This then gives us a new temperalure scale, the so-called Absolute 
scale wlilcb was sjioken of previously. 'I'he teinjieratiire on this scale can 
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be found by simply adding 460® to any temperature Eahrenhcil. 'I'hns 
ice melts at 460® plus or 492® Absolute on the Fahrenheit scale. 

Fundamentals of Thermodynamics.—^The above leads us to two very 
fundamental laws of thcrnuKlynainics. Thus it can be said that at constant 
volume the pressure changes in direct prii|>ortion to the abs<dute tempera* 
ture. TJkcvvise it can be said that at constant pressure the volume changes 
in direct proportion to the change in absolute temperature. H T, and Tj 
represent any initial and final temper at tires respectively (»n the Absolute 
scale, and P, and P.^ represent the corresponding initial and final pressures 
under c<mslant volume cll 1 Klitloll^. then 

P T, {^) 


P,. ‘1*. 

)r in other terms 

P CT l.^) 

where C is a cons taut <le)K*MdMig upon the unit of pressure and temperature. 
Likewise from the latter law it can In* seen that if \ | atul \*,. represent the 
initial and final vohnnes cnrres)H»nding to an initial and final teinjicraturc 
with the pressure reimiming eonslunt we will have 

V 'r 

' I M 

r., 

»r 111 other terms 

V (5) 

where C is anoilicr coiislanl. ditTcrent from the one go en alMive. but de* 
Ijeiidiiig upon the iinits of \* cbt>sen. 

VV*e can now derive one of the most iin|M)i(.ml formulas ni the thermo* 
dynamics of gases. Sii]»pose (bat we have a c\Under with a pisum as in 
I'ig. 27. Let ns fix the juslon in a given pnMlion so that it cannot move. 
We will then have the air (»r gas as the ca'^e may be nmicr the piston at a 
tiefinitc volume. Icnijicrature. and pressure, say V,. and P,. If now 
we heat the contained gas to some higher tciniieratnre. say Tm where Tm 
IS any temperature diflereiit from 'I*,, the pressure will rise let ns say to 
[L but the volume will remain the same. If novv wc release the piston and 
still heating the ga.s alhwv the pl^l^ln ti» move <»ut so th.it the i)rcs.sure 
remains just at the pressure P... vve will finallv get a new voltime when 
tlic lennieralure reaches a value which vve will call Now in the first 
instance we have 



P, T, \\ 

P, ’’ T„ 

and in the second inslaiue 

V, W. \. 'IL 

- . — or 

T. 




V.. 


V 
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Things eqnal to tlie same thing arc equal to each other, so we have 

T, P,. V, Tj 


( 8 ) 



where R is n in \alMc u]miii the ga^ an<l the units of 

volunic, j>rcs.snre. :in<l letiqH'ratiire. 

If \vc arc ronsuliTing mie ixnincl tif air with I' in |Mnii«ls jier square foot 
anil 'I* ni ilegrovs ahsolnleon the J*alirenlKnl st ale, then 1< is cipial to 5»V36. 
'Dlis simply means that the prcMhirl •»! the vuinme ami pressure flividetl l)y 



Volume 


Pig. 28.—Diagram Showing Constant Preaaure Sxpaniion of Gaa. Diatance Along 
the Vertical Line indteatea Prewure in Pounda per Square Foot, and Length of 
Horisontal Line Repreaente Volume in Cubic Feet. The Cross Hatched Area Repre« 

senti Work Done in Foot-Pounds. 
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the absolute temperature of any given conditions is equal to the product of 
its pressure and volume divided by its temperature under any other condi¬ 
tion. Thus it can be seen that knowing any two of these conditions enables 
us to arrive at the third providing we know also the kind of gas since we 
can then determine the value of R. This same equation is more gen¬ 
erally expressed in the form 

PV=wRT (9a) 

where w is the weight of the gas in ^mhiiuIs contained in the volume V. 

Specific Heat of Gases at Constant Volume.—Gases dilTer from solids 
and liquids in that they have two distinctly dilTcrciU specific heats. We 
found in a previous paragraph that the specific heat is the amount of heat 
required to raise one pound of a suhstance 1* F. 'I'his heat i»r energy goes 
into increasing t)ic specf) of motion and thus the kinetic energy of the 
molecules of which the snbslaiicc is com|K»sed. Suppose tunv that we have 
a gas confined in a vessel as shown in Fig. 2b U. if this is heated, it will 
rise in temperature and pressure, hut its v<diunc will remain the same. 
Under these cjuiditions it wdl ret|uirc a definite annunU of heal to raise its 
temperature one degree, i'or nir this amount is aUmt 0.]7()» depending 
upon the temperature. aii<l moisture ctnitent. which lical. fff course, g<*es 
into increasing the kinetic energy of the molecules. The .specific heat under 
these conditions is called the '^specific heat at constant volume'* and is 
generally designated as C. 

Specific Heat at Constant Pressure.^Ou the other hand, let us con¬ 
sider conditions such as shown in Fig. 2R with the gas ccmrined in a cylinder 
having a rniwahle piston so that it is held at constant pressure. If ucov the 
gas is healed the pi.ston will move out and although the temperature will 
rise the pressure will remain the same, while the volume will increase. In 
order to raise the temperature of one jHinnd one degree under these con¬ 
ditions we will, of ci»ursc. have to siqqdy the same amount of heat as be¬ 
fore in order to speed up the muvcmenl of ihe molecules so as to correspond 
to the new temperature. In add it km the jnslon is forced oiu of the 
cylinder against resistance, this means that a definite amount of heat will 
have lu be Mii>plic(l as before in order to sjiecd up the inoveinent of the 
molecules so as to correspond to the new temperature. In addition the 
piston is forced <mt of the cylinder against resistance, this means that a 
definite amount of work is dime, and since, as we fouml. heat and work are 
mutually convertible, the energy necessary to do this work must come from 
the heat energy supplicil lu the gas. This means that we must supply an 
amount of heat in adilitum to the 0.170 B.t.u. per pound per degree rise 
which will be equal to the work done in forcing the piston out. It comes 
out in the case of air at ordinary temperatures that this amount is about 
0,070 B.t.u. making the total amount of heat which must be supplied to 
raise one pound of air one degree Fahrenheit under constant pressure con¬ 
ditions about 0.240 B.t.u. This is catted the '‘specific heat at constant pres¬ 
sure'* and is generally designated as Cp. 

Constant Pressure Expansion.—Suppose we have a cylinder as shown at 
Fig. 28, with a frictionless piston as before and let us assume, also, that we 
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have a rod attached 1 o the jilsum and moving with it so as to transmit the 
pressure and thus the uork to smne kind of a ninchine. I.et us assume, 
further, that \vc have a gas confined in the cylinder at the ctmdition of 
pressure and volume as represented on the curve by 1*|V,. (The horizontal 
scale represents vtdiinies. the vertical scale represents pressure.) If now 
we apt>ly heat as before anr! keep the pressure cm the jhston constant, the 
piston will move as the tcmi>craliire rises to scmie other vuhitne 
at pressure Pj. I'his cx)>ansion is indicated u)»on tltc pressure^vtdumc dia- 
gram by the line l^V', to Now the \v<irk done on llic piston is cfiual 

to the pressure on the piston times (he distance in feet moved, hut the total 
pressure is cf(ual to the pressure per scpiarc hnd of area limes llic total 
area <if the piston in s4(uar<* feet. In other \vr»rds, then, if we Id tl e(iual 
the distance through which the piston moves. P the |>ressMrc in pounds 
per s<|uarc foot, and A the area of the piston in s<|uare feet, for the work 
done or W we will have 


W PAd 


( 10 ) 


hut Ad is ei|ual to the increase in Viilumc or to (Vj—Therefore 


W=^•P (V,-V,). (11) 

Now if the ordinate or vertical scale on the curve represents pressures in 
pounds ])er square fot>i. and the horizontal scale represents cul>ic feet 
volume of the gas in the cylinder, then the cross-hatched area rcjircsents 
I* (\'a—V,)* other words the antrmnt <d work <loiie in hKH-]>cmnds. 

It can also he shrnvu hy means of the calculus that the area under any ex- 
pansiem line <m the I*-\' diagram, he it curved or otherwise, represents the 
work done. It is this principle which is the fundamental basis of the steam 
ami gas engine imUcat(»r. 

Constant Temperature or Isothermal Expansion.^]t has l>ccn found 
cx])criinent;dly that if the tcm]U'ra(urc of a gas he ke]>t constant and its 
vulume dolt hied its pressure will l>c just one-half whai it was before the 
change in volume took jdacc. Likewise if its volume he increased four 
times, its pressure l>econu*s mtc-fourlli, and so on. In other w(»rds the 
product of the pressure and the volume i»f a g^as at constant tcmjjcrature 
is always constant. That is PV=C. This can he seen from cipiation (9a), 
for we found there that PV=vvRn*. where wRT becomes the constant C. 
Such expansion is called isothermal, meaning constant tenijicraturc, and 
must he rct»rcsented on the P-V diagram hy a rectangular hyjierhola as 
shown in Fig. 29. From the jircceihng paragraph we saw that the area 
under any curve is equal to the work dime during the expansion. Since the 
gas is at the same tem)>craiurc and thus has the same energy in it at the 
end of the cxj>ansiim as it had at the lK*ginning, we reach the inevitable 
conclusion that heat must have been pul into the gas during the expansion 
in order to account for the work done, hy actual experiment we find this 
to be true, and the heal added is just equivalent to the work done. Thus 
we have very nearly a jierfect heat engine f<)r a i>art of one cycle, but the 
trouble comes when we attempt i«» raise the pressure hack again so that we 
can do it over again. 

Adiabatic Expansion.^We have one other fundamental type of expan¬ 
sion called Adiabatic extension. This means extiansion without the 
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addition or subtraction of heat as heat. Su|>|K»se that we have the cylinder 
and piston as in Fig. 29, made of a perfect heat insulating material. If 
now wc have a gas confined in the cylinder at P,V, conditions and allow 
it to expand to some condition PuVj wc will have an amount of work done 
equal to the area under the expan.sion curve. On account c»f the insulating 



Fig 29.—Isothermal and Adiabatic Expansion of Gas. The Vertical and Honsontal 
Scale Represents the Same Quantities as in Fig. 26. The Cylinder Must be a Perfect 
Conductor in the Case of Isothermal Expansion in Order to Keep die Gas at the 
Same Temperature as the Surroundings and it Must be a Perfect Insulator in the 
Case 9f Adiabade Expaneion, Irapoaeiblc in Practice but Only Aecumed for Theoretical 

Consideradon. 

side walls and piston we will not. however, have added any heat from an 
external source. This means that the energy necessary to tUt the external 
work must come from the internal energy or heat (»f the gas itself, and con¬ 
sequently its temperature must drop. 'Hi is accounts for the lower pressure 
at any given volume on the adialiatir curve. The equation of this curve is 
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PV'’=C 

wher« C is a constant, and r. the exponent oC V. is a constant for any partic¬ 
ular g'as at a given temperature, and ts equal to 

c; 

or alKmt 1.41 for air at ordinary temperatures. 

C. 

T<j derive the foregoing equathin requires the use of the calculus and its 
use requires a kmnvleflge id logarithms or the slide rule. Those interested 
in following this farther will hiul ccmiplete instructions and the derivation 
in any standard text hm^k on Thermodynamics. 



Fig. 30,^Drawin8i Showing Effective PUton Preiture u Shown in Well Developed 

Indicator Diagram. 

In all nf the three fundamental tyi>es of expansion which wc have just 
considered, wc might have compressed the gas instead of expanding it. 
We would then have had to extiend w<»rk and to have subtracted heal in¬ 
stead <if ad<liiig heal. That is the gas would have become healed during 
compression due to the work done ui>on it by tbe machine furnishing the 
power for compression. It is this phenomena which makes the bicycle 
pump get hot when we wtirk it rapidly and which calls for air- or water- 
cooling cylinders of air jmmps that arc used continuously. 

Actual Expansion Curves.—In actual practice in heat engine or air 
compressor work we very seldom have either pure constant pressure, 
isothermal, or adiabatic cxi)ansinn or compression. Tbe actual expansion 
curves ai>pr()ach these lhe(»relical curves if the conditions are right, but 
due to friction of valves, heal flow through walls, and other factors the 
theoreticial curves are very seMont followed exactly. However, a knowl¬ 
edge of these three fundamental curves is necessary to fully understand 
the various heat engine cycles. The writer can imagine the reader who 
has studied the foregrung. saying that all of this matter on heat is very 
interesting but what has it got to do with aviation engines and their basis 
of operation. Aviation engines arc a hrm of heal engine and it is by the 
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pressure produced on the pistons due to the expansion of the ignited gas 
charge that heat energy is converted into mechanical energy. Losses of 
heat are inevitable in this conversion process and the engine that loses the 
least heat is the most efficient type. 

The effective piston pressure diagram at Fig. 30 shows how an indicator 
diagram can be developed and the pressure on the pUtem of a four-stroke 
cycle gas-engine can be shown graphically. The vertical scale shows pres** 
sure in pounds per sc|nare irich. It will 1)e seen that during the suction 
stroke of the piston an<l for a short period on the compression stroke the 
pressure is less than atmospheric, rising to about 60 pounds just prior to 
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Pig. 31.—Graphic Diagram Showing Amount o{ Heat Energy Obtained by Combus¬ 
tion of Fuel Actually UHUaed for Plying in tbe Form of Propeller Thrust in Average 

Water-Cooled Gasoline Engine. 

ignition, which takes place at the end of the compression stroke. The rise 
in pressure is very rapid, reaching nearly 240 iM>unds pet square inch due 
to the explosion. This is four times the compression pressure indicated. 
Puring the expansion stroke the pressure drops to about 30 pounds per 
square inch at which point the exhaust valve opens and during the follow- 
ing exhaust or scavenging stroke the pressure drops to atmospheric as 
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indicated by the zero line. A projjcr understanding of the fundamental 
heat laws will enable the student to easily follow discussions of heat en¬ 
gine theory and will enable one to make comparisons iKlween different 
engine types as relate to thermal efficiency as well as understanding the 
more visible and easily iindcrslood i>oints involving the mechanism of the 
engines and their mechanical efliciency. 

Graphic Representation of Fuel EfBciency.^As an example, the fuel 
efficiency, or actual proportion of the total B.t.u. contained in the fuel 
burned that is efferlively utilized at the propeller for flying is given at 
Fig, 31. Starting with 100%, we find varknis inevitable losses, and while 
the figures given will vary with different tyiK^s of engines and their instal¬ 
lation they arc valuable as a gui<lc and the values given may lie considered 
typical for a water-cooled engine. The heat loss through the jackets may 
vary and in engnic.s exhausting directly into the air. the inn flier Itisscs may 
be eliminated, or at least, greatly reduced, though any fc»rni of gas collectfir 
ring or exhaust manifold will inlrmliice power losses varying in degree with 
the hack pressure, 


QUFSTIONS FOR KFVIF.W 
What is a four-cyolc ciiRinc’ 

2. Name two ty|>c5 of tw<»-ryclc cnifines aiMl inilic.iU' liou* they ililTcr. 

5. What causes fresh gas to fill cuKine cylinrim' 

4. What U the function of ihe exhaust slroke*' 

5. What advantages arc obtained by supercharging in iwo-iych* ciikiius^ 
h, What is heal; work; energy^ 

7. Whal is tlic re hi ion ui heat and work^ 

8- Outline the first bw' ui gases. 

9. What is alisnIuU* tcm|»cralnrp' 

10. What is the dillerciice between iMithcrni.il ami adiahatH cnikoimuii? 
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THEORY OF HEAT ENGINES--DIESEL ENGINES 

Theory of the Heat Engine^Early Gas Enpne Pornia—The liothennal Law—The 
Adiabatic Law—Temperature Computationi—Heat Energy Converted to Me* 
chanical Work—Reeultt of Impure Charge—Teate With Air and Gas Mixtures— 
Efficiency of Converaion of Heat to Power—Requiaitea for Best Power Effect- 
Thermodynamics of Aircraft Engines—Heat Loss to Cooling System—The Com* 
bustion Process—Turbulence of Great Value—Stratified Charge—Detonation 
Prevention Important—Diesel Engine# for Aircraft—Pour-Stroke Diesel Engine 
Action—Two-Stroke Diesel Engine Action—Port Scavenging Type—Overhead 
Valve Scavenging Type—High Speed Diesel Engines—Marine Diesel Enginee 
Very Heavy—Diesel Mean Effective Presaure Low—Liquid Fuel Atomization a 
Problem—Aircraft Diesel Engines Not Yet Available—The Attendu Solid Infec¬ 
tion Oil Engine—Elements of the Attendu Fuel System—Results of Navy Tests. 

The laws cinitrciUin^ the elt*ments that create a power hy their expan¬ 
sion hy heat <ltie to conihustinn. when properly unrlersttHKl. l>eci>ine a mat¬ 
ter of conijiuiatioii in rrj^^anl to their value as an agent for generating 
power in the va^in«^ kimls of c.vjilosive engines The inethoil of heating 
the clcnienls of t>ower in explosive engines greatly widens the liniits of 
lemperuiure as available in other types of heal engines. It disposes of 
many id ihe practical tronldes of hot-air, ami even of steam-engines, in the 
simplicity and <lirectncss of application of the elements of power. In the 
explosive engine the tlifijcnily of conveying heat for producing c.xpansivc 
effect by convection is displaced by ihc generation of the recjinrcd heat 
within the cylinder ciinlaining the exj>ansive element and at the in.stant <jf 
its n.sefni work. 1'he low conductivity of heat to and from air has been 
the great obstacle in the practical development of the hot-air engine, now 
obsolete as a source of power and only seen as un interesting scicnlific toy 
by the present geiicratioii, and the waste of heat in steam boiler flues also 
accounts for the low thermal efficiency of the steam-engine. On the con¬ 
trary. it has become the source of economy and practicalirlily in the <lf- 
velopnifiil of the inteniul-c<nubustuMi engine. 

Theory of the Heat Engine.—The action of air. gas. ami the va|K>rs of 
gasoline ami jHdrolenin <»il, whether .singly or mixed, is affccte<l by changes 
of temiierature practically in nearly the same ratio; but when the elements 
that produce coinluislion are interchanged in coninietl s]>act‘s. there is a 
niarke<l <litTcrcncc of elTect. The oxygen of the air, the livilrogeii and car¬ 
bon of a gas. <ir vajKir of gasoline or petroleum oil arc the elements that 
by combustion produce heal to expami the nitrogen of the air and the 
watery vapor produced by the union cif the oxygen in the air and the hv- 
drogen in the gas, as well as also the monoxide ami carbonic-acid ga.s that 
may he formed by the union uf the carbon of gas or vai>or with jiart of the 
oxygen of the air. The various mixtures as between air and gas. or air 
and vapor, with the proportion of the products of c<nnbu.sti(m left in the 
t^linder from a jirevious combustion, form the elements to he consi<lered 
in estimating the amount of j>rcssnrc that may be obtained by their com¬ 
bustion and expansive force. 


C7 
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Miscellaneous Eng;ine Terms Defined.—The following terms used in 
this treatise have been defined bv the National Advisory Committee for 
Aeronautics and arc used in the sense given by the standard definitions. 

brake mean effective pressure—The net unit pressure which, if a|>])lied 
during the power strokes to the pistons of an engine having n<i me¬ 
chanical kisses, would pnKhice the given l)rake horsepower at the 
stated speed. 

dry weight of an engine—The weight of the engine, including carburetor 
and ignition systems complete. pro|>ellcr hub assembly, reduction gears, 
if any, but exoliuling exhaust manifolds, oil and water. If the starter 
is l)ujlt into the engine as an integral part of the strtirtiire. its weight 
shall be included. 

fixed powerplant weight for a given airplane—The weight of the engine, 
including ignition, carburetor and induction systems complete, pro* 
peller and hub. cxhattsi manifolds, radiator and water. // usci, with all 
interconnecting wires, controls, tanks, and pipes, lubricating oil tem¬ 
perature regiilaUirs. \hc oiY contained in the cnfjinc crankcase, and the 
starting gear attached lii the engine, but exchnling fuel. oil. and en¬ 
gine iTTslniruenl.s. 

maximum horsepower of an engine—The innxitntim li<irset>owcr which an 
engine can dcveloji. 

maximum revolutions—Phe nninlier of revolutions ]icr minute corre* 
sponding to the niaxiuitim liorscjiower. 
rated horsepower of an engine—The average horsqxiwer developed by an 
engine of a given ty|K.' in pas.^ing the slaiadar<i SOdiour etidnranee lest, 
rated revolutions—The number of revidntions corrcsiionding to the rated 
horsepower. 

specific fuel (or oil) consumption—The weight of fuel (or iiil) consumed 
per brake b<jrse|K»wer-hour. 

weight per horsepower—The dry weight of an engine divided by the rated 
]\< ifsejKiwer, 

Early Gas-Engine Forms.—The working process of the explosive motor 
may be divided into three j)rincii)al types: 1. Motors with charges igniting 
at constant volume without compression, such as the l.enoir, Hugon, and 
other similar lyiies now abandoned because they were so wasteful in fuel 
and power efTecl. 2, Motors with charges igniting at constant t)rcssurc 
with compression, in which a receiver is charged by a pump and the gases 
burned while being admitted to the motor cylinder, such as types of the 
Simon and Pray ton engine also obsolete. 3. Motors with charges igniting 
at constant volume with variable compression, such as the later two- and 
four-cycle motors with compression of the indrawn charge; limited to some 
extent in the two-cycle tyj>e and variable in the four-cycle type with the 
ratios of the clearance space in the cylinder This principle produces the 
explosive motor of greatest efficiency. 

The phenomena of the brilliant light and its accompanying heat at the 
moment of explosion have been witnessed in the experiments of Dugald 
Clerk in England, the illumination lasting throughout the stroke; but in 
regard to time in a four-cycle engine, the incandescent state exists only 
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one-quarter of the runninff time. Thus the time interval, together with 
the nonconductihility of the ^ascs. makes the phenomena of a very high- 
temperature comhustinn within the comparatively cool walls of a metal 
cylinder a practical possihiUty because the metal has time to cool off be¬ 
tween explosions even though the time interval be extremely small. 

The Isothermal Law.—The natural laws, long since promulgated by 
Doyle, Gay Lussac. and others, on the subject of the expansion and com¬ 
pression of gases by force and by heat, and their variable pressures and 
temperatures when conhned. arc concc<led to he practically (rue and ap¬ 
plicable to all gases, whether single, mixed, or combined a.s the writer has 
previously pointed out. 

The law fornnilatcti by Doyle only relates to the coni])rc.ssion and ex¬ 
pansion of gases \s’ithi»ut a change of teinjicrauirc. and is stated in these 
worfis: 

If the icm(*croiuri' of o f/tts hr L'rf»t ronsioitt. its fressttre or rfostic force u*iU 
I'Gfy inx'CVsU'ty as the voluttu' it or at pics. 

It is exp^cs^cd in the formula 1* X V — C. or pressure X volume st con- 
C C 

slant. Hence. — ^ V and • = P. 

V V 

Thus the curve formed by increments of jire.ssnre during the expansion 
or compression <»f a given volume of gas without change of temperature 
is designated as the isothermal curve in which the vtdume multiidied by 
the pressure is a constant value in expansion, and inversely the pressure 
divided by the volume is a constant value in compressing a gas. 

But as compression and expansion of gases rctpiire the expenditure of 
energy or force for their accoin|>lishmciil mechanically, or ))y the applica¬ 
tion or abstraction of heat chemically or by convection ; a second condition 
becomes involved, which was formulated into a law v{ thermodynamics by 
Gay Lussac untter the following conditions: A given volume of gas under 
a free piston expands by heat and ccmtracU by the loss of heat, its volume 
causing a pn»porlional movement of a free pi.ston e(|ual to of fbe 

cylinder volume for each degree Centigrade difTcreiicc in temperature, or 
'Aw*' P^rt of its volume for each degree Fahrenheit. With a fixed piston 
(constant v<»littne), the pressure is increased or decrca.>ed l)y an increase or 
decrease of heat in the same proinirticm of part of its pressure for each 
degree Centigrade, or Vip-* P^**! *1^ pressure for each degree Fahrenheit 

change in temperature. This is the natural sequence of the law of me¬ 
chanical equivalent, which is a necessary deduction from the principle that 
nothing in nature can be lost or wasted, for all the heat that is imparted 
to or abstracted from a gaseous body must be accounted for. cilhet as heat 
or its equivalent transformed into some other form of energy. Ir. the case 
of a piston moving in a cylinder by the expansive force of heat in a gaseous 
body, all the heat expended in expansion of the gas is turned into work; 
the balance must be accounted for m absorption by the cylinder or radia¬ 
tion, as clearly shown at Fig. 31. The small amount that is converted into 
mechanical energy at the propeller is apparent. 
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The Adiabatic Law,—This theory is e(|ually applicable to the cooling 
of gases by abstraction of heat nr by cooling due to expansion by the mo¬ 
tion of a piston. The denominators of these heat fractions of expansion or 
contraction represent the absolute zero of cold below the freezing-point of 
water, and read —273® C. or —492.66® = — 460.66® F. below zero; and, 
as previously explained, these arc the starting-points of reference in com¬ 
puting the heat expansion in gas-engines. According to Boyle’s Jaw, called 
the first law of gases, there arc but two characteristics of a gas and their 
variations to be considered, vis,, volume and pressure: while by the law of 
Gay Lussac, called the second law <d gases, a third is added, consisting of 
the value of the absolute teiuperuturc. roimting from absolute zero to the 
temperatures at which the o|>cTaliuiis take ]»lace. This is the Adiabaiic Jaw. 



Fig 32.—Dispam Isothermal and Adiabatic Lines. 


The ratio of the variation of the three coinlitions—volume, pressure, 
and heat—from the absolute zero tempcrnlure has a certain rale, in which 
the volume multiplied by the pressure and the ]>roduct <livide(l by the ab¬ 
solute tempera lure c<|uals the ratio of expansion for each degree. If a 
volume of air is contained in a cylinder having a piston and fitted with an 
indicator, the pisloiu if moved to and fro slowly, will alternately compress 
and expand the air. and the indicator pencil will trace a line or lines upon 
the card, which lines register the change of pressure and volume occurring 
in the cylinder. If the piston is perfectly free from leakage, and it be sup¬ 
posed that the temperature of the air is kept quite constant, then the line 
so traced is called an Is<ythcnttQf Hnc. and the pressure at any point when 
multiplied by the volume is a constant, according to Boyle’s law, 

pv = a constant. 

If. however, the piston is moved very rapidly, the air will not remain at 
constant tcmperattire. but the temficraturc will Increase because work has 
been done upon the air, and the heat has no time to escape by conduction. 
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If no heat whatever is lost by any cause» the line will be traced over and 
over again by the indicator t)encil. the cooling by expansion doing work 
precisely etjualling the heating ?)y compression. This Is the line of no trans¬ 
mission of heat, therefore kmnvn as ^tdiabtUie. 

The expansion of a ga.s of its volume for every degree Centigrade, 
added to its temperature, is etfual to the decimal .00.^, the coefficient of 
expansion for Centigracle units. To any given volume of a gas. its expan¬ 
sion may be computed by multiplying the coefficient by the number of de¬ 
grees. and by reversing the pn>cess the degree of acquired heat may be 
obtained apt»roxiniately. These met hods arc m»t strictly in ctuibinuity with 
the absolute inatheiuaticul funniila. because there is a small increase In the 
increment of expansion id a ilry gas, and there is also a slight difference 
in the increment of expansion due to inoi>tiire in the almos]>hcre and to the 
vapor of water formed by the union of the hydrogen and oxygen in the 
combustion chamber of explosive engines. 

Temperature Computations.—The ratio ex|»ansH»n on the Fahrenheit 

scale is derived from llic absolute tempcratiire below the frecziiig-i>oint of 

I 

water f32^) io corrcsiHnul with the ( entigrade scale; therefore — 

492/j6 


.(X)20297. the ratio of expansion from 32 ' for each tlegree rise in temperature 
on the Fahrenheit scale. As an es;.mjde, if the teni|U'ralure of any volume 
of air or gas at constant volume is raised, say from <i4F U» i.lXX)" Iv. the in- 


1 


520.66 


= .tx>1920ri. 


crease in temperature will be 1.9-«r . The ratio will be 
Then by the forrmila: 

Ratio X act|uired temp. X Initial pressure = the gauge pressure; and 
.<X)1920f» X l X H.7 = 5477 lbs. 

jibstdute pre.ssure 

Bv another formula, a ctnivciilciit ratio is <»biaiueil by- 

absolute temp. 

.028235; th«-n. ll^iIlK the (Hfierenic t.( tem|)erature before, 


14.7 


520.06 

.028233 X = M-77 lbs- l>ressure. 

By another formula, leaving; .itit a small increment cliic to specific heat 

al hi^h temperatures: 

Atmospheric pressure X absolute temp. + actiuired temp. 

Absolute temp. + ‘"'t'al “^"‘1>- 

pressure due to the acipiired temi>erature, fnim which the atmospheric pres¬ 
sure is deducted for the KaiiRc pressure. Usinp the foregoing example, we 


= absolute 


have 


14.7 X 460.66“ + 2.000’ 
460.66 + 00' 


= f^>.47„ 14.7 = 54.77. »hi- gauge pressure, 
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4^.66 bcin^j ihe absolute temperature for zero Fahrenheit. 

For obtaining the volume of expansion of a gas from a given increment 
of heat, we hrfve the approximate formula: 

Volume X a1»s<»lutc temp. + ac<|uire<1 temp. 

II. —---- ■ ■ ■ = heated volume. In ajH 

Absolute temp. 4 - initial temp. 

plying this formula to the foregoing examjtle. tlie figutrs l>ccome: 

-f. 2.000* 

I. X-— = 4.72(M vtOumes. 

460.66 + OO* 

From this last tenn the gauge pressure may Iw obtained as follows: 

III. 4.7i(j04 X I4.7 = (/M7 lbs. absi»lute14.7 atirK»s|ilHTic pressure 
= 54.77 lbs. gauge pressure; which is the tlieoretical jnrssure due ti» heating air 
in a conbned space, or at con.staiit volume from 60^ to 2.000” P. 

By inversion of the heat f<irmtda for n))solute pressure we have the formula 
for the acquintl heat, cicrived from combustlmj at constant volume from atmos¬ 
pheric j»re.ssure to gauge |)rcssure fJus atmospheric ]pressure as derived from 
Example I., by which the exjircssion 

a1)soUitc pressure X alKsulute temp, -j- initial temp, 
initial absolute t>rcssure 

= absolute tem])crnture temperature of combustion. fn>in which the ac¬ 
quired temperuture is obtained by subtracting the absolute temperature. 

69.47 X 460.6f> + 60 

Then, for example, —-. — 2.460.66. ami 2.460.66 — 4fi0.66 

14.7 

— 2,000®, the theoretical heal of combustion. The dropping of terminal 
decimals makes a small decimal dilTerencc in the result iu the difTcrcnl 
formulas. 

Heat Energy Converted to Mechanical Work.—By Joules law of the 
mechanical equivalent td heat, whenever heat is imparled to an elastic body, 
as air or gas. energy is generated and mechanical work produccil by the 
expansion of the air or gas. When the heal is imparted by combustion 
within a cylinder containing a movable piston, the mechanical work be¬ 
comes an amount measurable by the observed pressure and movement of 
the piston. The heat generated by the explosive dements and the expan¬ 
sion of the noncombining dcnienls of nitrogen and water vapor that may 
have been injected into the cylinder a.s moisture in the air. and the water 
vapor formed by the union of the oxygen of the air with the hydrogen of 
the gas, all add to the energy of the work from their expansion by the heat 
of internal combustion. As against this, the ah.sorption of heat by the walls 
of the cylinder, the piston, and cylinder-head or clearance walls, becomes a 
modifying condition in the force imparted to the moving piston. 

It is found that when any explosive mixture of air and gas or hydro¬ 
carbon vapor is fired, the i>rcssurc falls far short of the pressure computed 
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from the theoretical effect of the heat produced^ and from j^auging the ex¬ 
pansion of the contents of a cylinder. It is now well known that in practice, 
the high efficiency which is promised by theoretical calculation is never re¬ 
alized: but it must always he remembered that the heat of combustion is 
the real agent, and that the gases and vapors are but the medium for the 
conversion of inert elements of power into the activity of energy hy their 
chemical union. The theory of combustion has been the leading stimulus 
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to large expectations with inventors and constructors of explosive motors; 
its entanglement with the modifying elements in practice has often delayed 
the best development in construction, and as yet no really positive design 
of best form or action seems to have been accomplished, although great 
progress has been made <luring the past docadc in the development of speed, 
reliability, economy, and power output of the imitvidual units of this now 
universally applicable prime mover. 

Results of Impure Charge.^One of the most serious difficulties in the 
practical development of pressure, due to the theoretical computations of 
the pressure value of the full heat, is probably caused by imjiarting the 
heal of the fresh charge to the balance of the previous charge that has been 
cooled by expansion from the maximum pres.sure to near tbc atmospheric 
pressure of the exhaust. The retardation in the velocity of combustion of 
perfectly mixed elements is now well known from experimental trials with 

TABLE I 

at TonMani V«ilumr in a (*lnscil Cliumlvr 







Temp uf 

ft 

Time 
nt Ex fill H 

1 Oliseivcd 

1 (lauec 

Com¬ 

puter] 


Mixture 111 ] mini 

liurctuin 

Fahr. 

1 

Simi 

Scouid 

I Pre^Mire, 
Pounds 

Temp 

Kahr. 

viihmic 


to 

14 VI 

iliirtK'H air 

64* 

04.S 

40 

I.4R3* 

M 

li 


IJ 

«« «« 

51* 

a3i 

h\ 5 

1.859'’ 

il 

•1 


\Z 


sr 

0 24 

f>0. 

2.195* 

M 

M 


11 

4a U 


017 

01. 

2.228* 

u 

u 

44 

<) 

M II 



7K. 


a 

H 

41 

7 

4% * 

1.2* 

o.nii 

87. ! 

5.I5I* 

M 

it 

44 

(» 

to 

5r 1 

0(U 


3Z57" 

4i 

M 

44 

$ 

•1 to 


0 055 

91. 

.3^93* 

II 

M 

44 

4 

to !• 

Ml* 

<1 Ifl 

W) ' 

' 

2,871' 


measured quantities; but the principal difficulty in applying these condi¬ 
tions to the practical work of an explosive engine where a necessity for a 
large clearance space cannot be obviated, is in the inability to obtain a 
maximum ciTect from the itn]>erfect mixture and the mingling of the prod¬ 
ucts of the last explosion M'ith the new mixture, which produces a clouded 
ebndition that makes the ignition of the mass irregular or chattering, as 
observed in the e.xjiansion lines of indicator cards: hut this must not be 
confounded with the reaction of the spring in the indicator or irregularities 
due to the action of other parts of the indicator mechanism. 

Stratification of the mixture has been claimed as taking place in the 
clearance chamber of the cylinder by some authorities: but this is not con- 
sidered a satisfactory explanation by others in view of the vortical effect of 
the violent injection of the air and ga.s or vapor mixture. It certainly can¬ 
not l>ecome a perfect mixture in the time of a stroke t>f a high-speed motor 
of the two-cycle class. In a four-cycle engine, making L.SOO revolutions 
per minute, the injection and compression in any one cylinder take place 
in one twenty-fifth of a second—formerly considered far too short a time 





TKSTS WITH AIR AND GAS MIXTURES 


75 


for & perfect infusion of the elements of combustion but now very easily 
taken care of despite the extremely hijjh speed of numerous aviation and 
automobile powerplants. When we consuler that hiph-speed automobile 
racing engines have exctvlcxl 8.000 r.p.ni. it will lx; seen that the injection 
and compression in any one cylinder must take place in one-hundredih of 
a second or even less tinje. The preceding table shows the results of some 
early experiments and is of interest becau.se it pves comparative values for 
diH'erent mixtures and compression pre.sKiires. 

Tests with Air and Gas Mixtures.—In an examination of the times of 
explosion and the corresjKinding pressures in lioth tables Nos. I and 2 it 
will be seen that a mixture of one part gas to .six parts air is the most effec¬ 
tive and will give the highest mean pressure in a gas-engine. There is a 
limit to the relative pro]>orti<ms of ilittnunating gas and air mixture that 
is explosive, somewhat variulde. depending u|>on the proportion of hydro¬ 
gen in the gas. With ordinary coal-gas, <u)c of gas to fifteen parts of air: 
and on the lower end of the sadc, one volume of gas to two parts air, arc 
tioncxplosive. With gasoline vaj>or the explosive effect ceases at one to 
sixteen, and a saturated mixture <if eipial vidumcs of vapor and air will not 
explode, while the most intense explosive effect is from a mixture of one 
part vapor to nine parts air. In the use of gasoline and air mixtures from 
a carburetor, the best effect is from one part saturated air to eight parts 
/free air. These figures were obtained by tests made under certain specific 
conditions and values given may vary In tests made iui<ler other conditions 
and with a different set up of apparatus. 
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The wei^rhl of a ctibir fool of pas and air mixture as gfiven in Col. 2 
Table 2 is found by adding the number of volumes of air multiplied by its 
weight. 0W07. lo one volume of gas of weight .035 pouml per cubic foot 
and dividing by the total number of volumes; for example, as in the table, 

.5192 

6 x .0^07 “—— = .074105 as in the first Hnc, and so on f(»r any mixture 

4 ir for other gases of dlflfcrcnt si>ccific weight per cubic foot. The heat 
units evolved by combustion of the mixture (Col. 6) are obtained by divid¬ 
ing the total heat units in cubic f(M»i tti gas by the total j)roportion of the 

660 

mixture,-“ 04.28 as in ihc first line of (he tabic. C*ol. 5 is i»btained by 

multiplying the sveijjht of a cubic fotii of the mixture in Col. 2 by the spe- 

Col.6 

cific heat at a constant volume ((‘ol. 4), =-: Col. 7 the total heat 

Col. 5 

ratio, of which (*ol. 8 gives the usual combustion efficiency — Col. 7 X Col. 
8 gives the absolute rise in tempemtnre of a pure niixlurc, as given in Cub 9. 

The many recr»rdcd exjicriinerts ni.ndc U> stdve the <liscrcp.'incy betweem 
the theoretical and (he actual heal <levelojMiient and resulting pres.sures in 
the cylinder of an expli»sive motor. U* which much disrussiim has been given 
as to tbc ])osslbilitics of diss<»ciation amt (he increased specific beat id the 
elements of combitslioii and nonconibiistion. a.s well. also, of ab.sorptioii 
and radiation of beat, have as yet furnished no absolutely satisfactory con¬ 
clusion ns to w1ia( really take.'^ place within the cylinder walls. 'bluTC scctns 
tn f>e very little known nUmt dissociation, and scmiewhat vague theories 
have been nilvance<l to explain the phenomenon, 

The fact is. nevertheless, apparent as shown in the produclion of water 
and other ]>roducer gases by the use of slcatu in contact with highly incan¬ 
descent fuel. It is known that a niaximntn exjdosive mixture of jaire gases, 
as hydrogen anti tixygen or carlKunc oxide and oxygen, sufTcr.s a c<mtrac- 
tion of one-third their volume by combustion to their conijumuds. steam or 
carlxmic acid- In the cxplo.sive mixtures in the cylinder of a motor, how¬ 
ever, the combining clemerits form so small a pro|)ortN»n of the contenl.s 
of the cylinder that the shrinkage of their volume amounts to no more than 
three per cent of the cylinder v<»lumc. This by no means accounts for the 
great heat and t*ressure differences between the thcoretic.il and actual 
effects. 

Efficiency of Conversion of Heat to Power.—The utilization of heat 
in any heat engine ha.s long been a theme of inquiry and experiment with 
scientists and engineers, for the purpose of obtaining the best practical con¬ 
ditions and construction of heal engines that would represent the highest 
efficiency or the nearest approach to the theoretical value of heat, as meas¬ 
ured by empirical laws that have been derived from experimental re¬ 
searches relating to its ultimate volume. It is well known that the steam- 
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engine returns only frnin iwclvc to eighteen per cent of the power due to 
the heat ^jeneratc<l hy llu* fuel, alumt 25 per cent nf the loin? heat being: lost 
in the chimney, the only use of which is to create a draught for the fire ; the 
lialance, some W j^cr cent, is lost in the eshaust and by radiation. The 
problem of utmost ulili/atiou of force in steam has nearly reached its limit. 
The eflicicticy of a highly rermed gnsoltm-cngine may reach 24 to 30 per 
cent, though the usual figures for nutomobilc engines is 22 t>er cent, while 
the Diesel engine has shown values of over 40 per cent thermal efficiency. 

The intcrual-couibust ion system of creating iiower is now well cstaln 
iished in practice, ami is settling into definite shaiie hy repealed trials and 
modification of details, so as to give somewhat reliable data as to what may 
be expecte<l from the various iy\tvn when used as a prime mover. Fur small 
and targe powers, the gaMilim-cngincs are forging ahead at a rapid rate, 
filling the numerous wants of the engineering as well as i)ic aeronautical 
World for a jMuver that docs not rcr|nire exj>ensivc rare, that is perfectly 
safe at all times ninler normal conditions of use. that can be used in any 
place in the wide Wi»rhl to which its com enirated fuel can be conveyed, 
and that bas elimiunted the constant hainlling* of crude bulky fuel and 
water, as the steam-engine rci|uirpR when fired with coal. 

Requisites for Best Power Effect.—The utilization of heat in a gas> 
engine is mainly due to the manner in which the priKlncts entering into 
eumbuslitm are dislribnled in rclalnm to the movement of the jiiston. 
'I'hc investignhon id the foremost exponent id the theory of the explosive 
mnti*r was prophetic in CMn*<ideration id the later realization of the best 
conditiiiiis under which these motors can be made tii meet the rcquirc- 
nuMils id ecommiy ami practicability. As early us 1K62, I'cnii de Rocha 
announced, in regard to the coming |>o\ver. that four requisites were the 
basis id oporatiini for eciniomy ami best elf ret. 1. 'I'he greate.st possible 
cyliiiikT volume with the least |K»ssihlc Cijiiling surface. 2. The greatest 
possible rajiidity of exi»aiisiou. Hence, hh/h s{*rrd. 3. The greatest possb 
lile expansion. Louij stroke. 4. The greatest ixNsible |>ressure at the com¬ 
mencement of expansion. Ifhfh nniif^ressuon. Thai he was not far wrong 
ami that he had agiKnl undcrslaiuling of the problem invo\ved even at that 
early date is borne <mt by events that have transpircil since his first con- 
ce])tion of the Iiasic princtides he cmiineratcil over 6.5 years ago. 

Thermodynamics of Aircraft Engines.—lii a ]»apcr entitled "The Ther- 
moiiynamics <d Aircraft ICngincs** tmldi.shed in the Jonrmtl of the Royai 
Aeronautical Society of Ihipland, in February. 1924, Mr. H. R. Ricardo, the 
well known intenial-combiistion engine autliority covers the subject of 
ideal efficiency and why it cannot be ci»ni|dclcly realized in a very thorough 
and interesting mauucr. lu this paper, the purpiise of which was to outline 
the chief thcrnHMlynamic problems in connection with gasoline engines, 
especially those used in aircraft. Mr. Ricardo first discusses the factors that 
prevent the attaining of the itleal air-cycIc efficiency. Following the state¬ 
ment that the power ont]iut and the efficiency of any internal-combustion 
engine depend primarily on the ratio of expansion, since this governs the 
proportion of the total beat supply which can be converted into useful work 
on the piston, it is shown that ideal efficiency pre-supposcs two conditions: 
(a) that the working medium is pure dry air and (b) that no interchange 
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of heat between the air aiul the surrounding walls or from the previous 
cycle takes place. The ]>oints brought out in the discussion of the factors 
that hinder ihc realizatiim of ideal engine efficiency are indicated below. 

The incrcH.se specific heal at high temperatures represents a dead loss 
as compared with the air*cyclu basis, since it means in effect that any heat 
added at high leinperatures is ni>t arc<»mpanied by so large an increase in 
pressure as at the lower temj^cratiircs. At the teniperalures prevailing 
due to combustion in an aircraft engine or in<lecd in any gasoline-engine, 
namely, between 1,800 anfl 2,500 deg. Cent. (3,272 and 4.532 deg. Fahr.), the 
Joss tine to the change iff the siicciflc heal is of a very large order and 
constitutes the greatest discreiiancy between Ihc practically possible aii<l 
the air-cycic ideal. Dissis'iation of the jiroducts of coiubustion at high 
lemperatnrcs d<»cs not jday such havoc with the pinver and the efliciency 
as the change of the specific heat, becuiisu it <K*curs to an appreciable ex¬ 
tent only at very high tetnperatnres, S4» ihat as ihe expansion procec<ls and 
the temperatures fall, re-c<imbination with a cnrrcsiMinding liberation of 
heat takes place and a pari of the lost heat is recoYere<l. in time for some, 
though not the full, use to be made of it. 

Heat Loss to Cooling System.—Ileal Joss to the jnckels is yet another 
factt>r that prevents the atlaining of the ideal air-cycle efiiciency. If iii 
an aeronautic engine of gootl nuKleru design the entire fttnv of heat to the 
jackets could be suppressed, the nel gain in |H»wer and efficiency would be 
about eight per cetil. It is clear that the a?»ove-menliot>ed three main 
.sources of loss are dircclly dependent upon the fiatne tenij)erature and that 
if we can reduce this lemi^eratiirc. we shall at once gain in efficiency. Nor 
i.s that all, for nearly 90 per cent of ])resent-day engine troubles are due 
directly or imlirectly to excessive heal flow: directly in ihe form of burnt- 
out valves, sparkplugs and pistons: indirectly in the form of carbonized 
<nl. gniiiine<l-up pi.ston-rings and defective cylinder and c<milm.Htion head 
parts lubrication. 

With reference to the interchange of heal lictween the residual pHsIncts 
of the last cycle and the fresh mixture, the value of absorbing the heat of 
the products of the ])revi4iiis cycle is stressed. The influence of the latent 
heat of valorization <»f a fuel is often twerlooked. yet it is the one char¬ 
acteristic alxive all else which tleU'rmine.s the |H»wer nut put available from 
an engine. The fuel with the highest latent-heat will give the highe.st 
power output, provided it is volatile emmgh. Mr. Ricardo di.scusses the 
difference in this respect l)clwccn the engine working on the explosion 
cycle and the conij>ression-ignitinn engine. Keganliiig the pre-lmrning 
oi the mixture <luring the suction and the cotnpression slr<»ke. it is stated 
that it is difficult to prove convincingly the presence of this pre-hurniiig. 
though there can lie little dmiht as to its existence; it is still more difficult 
to determine its extent, which is controlled clearly by Ixilh the time ele¬ 
ment and the temperature of the surface. In the ordinary engine cylinder 
the only surface that is likely to cause pre-burning is the head of the 
exhaust-valve, and the extent of pre-burning from this surface probably 
varies as something like the cube of its temperature. 

The Combustion Proceat.—Taking up the question of the actual process 
of combustion in an engine cylinder, Mr. Ricardo .says in part; 
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As a mental picture ihc writer prefers to regard the j^rocess as though 
it developed in two entirely distinct stages, one the growth and the de¬ 
velopment of a self-propagating nucleus of flame and the other the dis¬ 
tribution of this flame throughout the comhustion-chanibcr. The former 
is a chemical process depending iip<»n the nature of the fuel, upon both the 
temperature an<( the pressure and also uprin what Tizard terms the tem¬ 
perature coeflicient of the fuel, that is the relation between the flame tem¬ 
perature and the rate of acceleration- The second stage is a mechanical 
one. pure and simjilc. I have suggested that these two stages are separate 
and distinct, but they must, oi course, interact niHm one another to some 
extent, for c\anij>le the higher the flame temperature and the more rapitl 
the rale of Inirning, the more rapidly will combustion spread with a given 
rate of turbulence/* 

Discussing the first stage in the pr^KCSS of comhustion, Mr. Ricardi> 

describes at length tuo long series of cspcriinciits that have Ivon carried 

out by Fcnntng at the National I^hysical l-alx»ratory and by Tizard ami 

I've at liis laboratory. 

* # 

Turbulence of Great Value.—The 5ec<md stage, it is staled, dcjieiKls 
u[)on ttirbulctice. without which no iuternalHombiislIon engine could run. 
The two essential functions of turbulence are (o) to sjjrcud inflammation 
and (/») to SCOUT away the stagnant layer <>f mixture whicli, clinging closely 
to the Cold cylinder walls, ran get rid of Its heat so rajudly as either to 
escape coinbnsti<in altugctlicr or to hum so late in the expansion stroke 
as to he of very little value. An increase of turbulence results in the 
following: 

( 1) The .stagnant layer of gas a<lhering to the walls is scoured away and 

brought into use 

(2) The rale inflammation Is hastened; but 
'I'he heat 1<»ss to the walls is increased i and 

<4) After a certain point there is a tendency to rerhice the ]M»ssible 
range of burning 

Mr. Ricard<i slates further that cxpenmenls which he has carried out 
recently intlicate that each fuel has an optimum degree f»f turbulence be¬ 
yond which any further dislur))auce results merely in excessive heat-loss 
and a narrowing tjf tlic jKis.sihle mixture-range, while he has succeeded in 
reaching such a degree of tnrhulence as to ])revenl ignition alt<»gether, 
presumably by the dissiiialion the nucleus of flame before it can Income 
fully e.stablished at the ])hig tioinls; in other words, the draft may be such 
as to blow out the candle. The importance is stressed of determining how 
far the rate of burning and detonation are dci>cndent upon pressure alone 
as distinct fnmi temperature, and Mr. Ricardo expresses his conviction that 
under actual working conditions, pressure and pressure alone plays a 
supremely important part, hut it is very difficult to prove this because the 
temperature control at best is somewhat indeterminate. 

Stratified Charge.—Reference is made tt> stratifying the charge, sepa¬ 
rating it into two com])onent parts, one consisting of a comparatively 
rich and rapid-burning gasoline-air mixture, in the neighluirhood oi the 
sparkplug, and the other of pure air to act as a diluent; these two compo¬ 
nents being kept mt»rc or less separate until after the ignition of the first. 
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By such means a hig'h inilial flame tcmjjcraturc is dhtained; but. as soon as 
inflammation is fairly started, the flame tcm|ierattirc is reduced )>y dilution 
with the excess air present in the cylinder. Experimental work in this 
connection is described, an<l the advantages of stnitificalion arc stated, 
especially for aircraft. 1‘lic advantages and the drawbacks (»f supercliarging 
are discussed, and it js stated that if one u'<»rks wilh a stnHiticd charge, 
one can then siij*»erchargc to alni(»st any extent. In ihi.'^ connectruii the 
comparative suitability of a sleeve valve and a poppet valve engine were 
discussed ami advauia«cs of the sleeve valve were bronglit out. 

Detonation Prevention Important.—“'fn sniii up, the biggest item of loss 
is that due to the cliauge of the s|KTdir lu'al: next c<mies the direct hrat- 
loss to the cylMid<T vvalK. fidlowed by deton.iti<»u which bnilts the expati- 
sion that can use fully Ik* einploved. di^s4K*t.*1(^on aivl ; ire-bun dug. 'I'hc first 
two arc both directly depcii<lenl u|Hin the flaine tcniperalnre «and the next 
two largely so. Anything therefore that can he done to reduce the flame 
tenipCT.'iture will U* a flirecl gain, but with all fuels e.xcejii hyrlrogon a 
very high tem]»eraliire ts needed to jiromotc comlMi''tion; it would seem 
therefore that it Is nwessary ti* c<mcenlnilo t»n tr\ ing t<i stratify the charge 
and by mi doing* try, in clTccl. to mislead the inixlnre by allowing a high 
flame tem]jeratnrc at the start but dihitiiig it innnediatcly afterward. 

Pre-lnirnfiig is no douln a serious troidde. for not only is some of tbc 
charge lost Iml, when the lemjKT.alure is raisf<l jiremainrely, detonation 
is provoked, and so a lower coni)»ri*ssinn must 1)e used than would other- 
wise be necessary. Hot exhaust valves arc the main, almost the sole, 
cause of predntniiiig. which can be el ini muled alniosl entirely b) llie use 
of sleeve v;dves, as they involve no highly healed surfaces in llie coin- 
bustionH*liaml>cr. CcKiling the exhaust valve bv use of salt in the ludlow 
stem and head also reduce.s the valve luail temperature. 

in conclusion, Mr Ricurd<i suv»: 

*'lf the writer hud at this niomml to design engines for aircraft, lie 
would, for the Hglil, fnsi-scouling niuchities. go for an air-iNMdcd radial 
engine w'iih jK>jipci valves, a very high c^unpressiou. using a fuel of very 
high latent heat for gcunig o(T tbc ground, with |hissihly a little, but cer¬ 
tainly only a very little, direct su]ktc barging ,il high altitudes. Joir the 
heavier classes of machine lie would, in tlie light of present knowledge, 
go for a water-cooled sleeve valve engine with slratjfieil sujiercharge.’* 

The first part this now bmr-ycur-idd jirophecy relating to air-cooled 
radial engines is now pro]>erly realized and generally foliowwl hnl there 
has l)ccn no great increase in the use of stratified supercharge and sleeve 
valve water^coolctl engines, only one sleeve valve engine of the Knight 
type being produced by Pan hard in France. 

Diesel Engines for Aircraft.—No considerable progress has as yet been 
made as to the development of the Diesel engine in making it suitable for 
installing in airplanes. The diflicultics of design nndoiibtedly increase as 
the size of the engine decreases. The princijde of working is as follows:— 
The engine is made in three forms, viz., as a four-stroke cycle single-engine 
shown in diagrammatic form at Fig. as a two-stroke single-acting, and 
as a two-stroke double-acting engine. Au e.ssential feature in the actual 
Diesel engine is that it requires, Ivcsides its own cylinders ami pistons, an 
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. 33.—Dwcrammatic ArraRgement of Four-Cycia Air Injection Dieacl Enpne Showing AuxUionr Apparatus Required. 
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auxiliary air coinjjressor capable of prcMluciti;; a pressure of up to 800 \hs. 
per square inclu The principal cliffcreucc between the Diesel cycle and the 
ordinary gasoline motor cycle is that air only is compressed in the cylinder 
instead of a mixUirc <»f air and fuel. 

Four*Stroke Diesel Engine Action.^! n the fuur-stroke Diesel engine 
there is an afr inlet valve, a fuel spray valve, and exhaust valve worked by 
cams, and a valve for starting inir]K*Hcs. The actiim is as follows: 

First (down) Stroke.—The inlet valve is 0 ]>ened during the whole of 
the strr»kc. and the cylinder becomes filled with atmospheric air at atmos¬ 
pheric pressure. 

Second Stroke.—The air valve is closed and the juston returns to the 
lo]» of the cyliiKler compressing the air. The clearance is so pn»])i>rlioneil 
that in ordinary workitig the pressure l)ecomes about 5tX) lbs. per square 
inch and the tcm])eraliire of the air about l.UX) degrees Fahrenheit. Near 
the end of the stri»ke a <jtinntily id fuel is injected through I he fuel valve 
into the cylinder by means of a blast id compressed air sut>plied from the 
auxiliary air compressi^r. 'I*bc coustrucinui of the fuel valve is such that 
the (»il is divided inti> a sj)ray of fine |)ariic1es. These, cojuing inl<j contact 
with the very hot air. tgnilc antc»matically. .ind cumlmstiou takes place, 
increasing the pressure id the cylliuler. 

I'hird (diiwn) Sloike.—The fuel valve remains o|>cn hit alnnit one- 
tenth t>f the stroke. During ilie |M»riion of the stroke the ]>re.ssure remains 
practically constant. aUml 600 Ih. per sc|nare inch. During the remainder 
of the stroke the priKhicts of Ciunlinstion cxpaml. I'his stroke is the Wi»rk- 
ing stroke. 

Fourth Stfiikc.—The return of the tdstim (during which time the ex¬ 
haust valve is iipcn) drives out the burnt gases. After this the cylinder 
starts afresh. An ins]>ection id the diagratn at h‘ig. which shiovs the 

apparatus necessary for the proper functioning of a fiuir-stroke Diesel will 
serve to show the rcailer th.at such engines, because cd nnxiliary apparatus 
must aUva 3 'S he heavier than the gasoline engines unless the Diesel prin¬ 
ciple is greatly nnniified. 

Two-Stroke Diesel Engine Action.—In some of the two-stroke engines 
the cylinder head is similarly fitted with fuel valve and air valve for starling 
purposes, and with an air valve called a scavenging valve, hut the exhaust 
valve is replaced by |«»rls cast in the cylinder walls. In some make.s of two- 
stroke engine, scavenging jHirts are also cast iii the shies of the cylinder. 
The cycle of oi)eralion.s is then as hdlowsWhen the piston is at the 
bottom of the stroke, the cylinder is full of air at atmospheric pressure, 
which air has just Wen admitted through the scavenging valve. During 
the up stroke the air is Ci>mpresse<l to a high pressure, and attains a high 
temperature. At the top of the strtikc. fuel is injectwl by the blast of air 
into the hot air within the cylinder, comhu.stion takes place, and the gases 
expand, thus acting on the piston. When the piston has reached about 
six-sevenths of the d(»wn stroke, the piston ccmimenccs to uncover the 
exhaust ports cast in the cylinder walls. The scavenger valve opens and 
air is admitted under low pressure, about five pounds per square inch, which 
blows out the burnt gases and fills the cylinder with air ready for the 
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next compression stroke. Different arrangements are used by different 
makers for supplying the scavenging air. some makers using a separate 
air pump, other makers using a .stepped or doiilde piston. In the double- 
acting engine the piston i.s ^attached to a jnslnn rcul which works through 
a gland and metallic packing at the bottom of the cylinder. A cycle of 
operations, similar in action to that described for the two-stroke engine, 
takes place at Inuh ends of the cylinder, but these tyjws arc very heavy and 
have been deviserl prinuarily for stationary and marine ai>])lications. 

The main difficulty in applying the Diesel engine to aircraft seems to 
be in the design of parts that will he light and yet snffciently .stnmg to 
withstand the high pressure necessary in injecting fuel against pressures 
much higher than t»rdinarily met with in automotive engines. With the 
high comjmes.sion it is cvidcnl that gasetms mixtures cannot be used owing 
to jirc-ignition tnuiblcs, lly taking in air alone, compressing it to such 
a high degree where it is sufficiently hot to ignite injected fuel, it is possible 
to attain a higher tlicnnal efficiency, and inasmuch as the fuel is admitted 
In succe.ssivc .small quantities, the jwiwer will endure during the greater 
part of the power stroke and will be due to a series of impulses, due Ici 
burning, rather than the single violent shock nr high explosive pressure 
)>roduce<l at the time of explosion in the f<iur-cyclc engine using ordinary 
gasoline where the mixture is .seldom c<uiipressed U* more than 100 Ihs. 
per .square inch prior to ignition. The mean effective pressure in the 
Otto cycle engine results in having the maximum pressure as close to the 
inception of the power stroke as |>ossihlc and as a result, with the small 
throttle ojuMiing used in <»p<Tating a plane at sjiccds under its normal 
crtiisiug value, thi.s means, effective prc.ssurcs fall off faster than the result¬ 
ing dimiuislimcnt in the fuel consumption justifies. This, of course, pro¬ 
duces relatively low therin.*d efficiency. This factor of engine operation at 
partially closed throttle is met with in automobile iiraciice much more than 
in airplane engines which usually retjuire half throttle or better to insure 
flight so the engines are operating under more favorable conditions to 
secure good thermal efficiencies. 

Port-Scavenging Type.—Fig. 32 A shows a diagmntittatic arrangement 
of a two-cycle, i^nrl-scavenging engine of the simplest tyi^e. In this sys¬ 
tem, tlic scavenging air, which t.s furnished by an air pump driven from 
the main crankshaft, is admitted by means of ports in the cylinder which 
arc f»pp<».site a row of similar exhaust |K»rlK. As (be piston descends, the 
exhaust port is first unc<»vcrc<l and the exhaust gases escape. As the piston 
further descends the row of scavenging is uiuH»vere<l and scavenging 

air from the scavenging pumps )>k>wn into the cylinder. This air i.s at from 
six to eight pounds pressure and is deflected upwards by the deflector on 
the piston and by the angle of the scavenging ixirts. This air forces out 
most of the remaining gases and on the return of the piston the scavenging 
ports are again covered, after which the fl<»w of scavenging air will stop. 
The piston then covers the exhaust jwts and Coinprcs.sion begins. 

Overhead Valve Scavenging Type.—With this tyj>c of two-cyclc en¬ 
gine the scavenging air is admitted by means of fnnn one to four valves 
in the cylinder head as shown in the lx>ttoni series of diagrams Fig. 32 A. 
The action is as follows; 
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the Cytinder SurroundanK it Act as an Air Comi^essor. 
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(A) Fuel is being injected intti the cylinder and the piston is going 
down on its power stroke. All valves and ports are clt»sed with the ex¬ 
ception of the stray valve which remains open for about 30 degrees past 
top center, 

(B) The piston starts to uncover the exhaust ports, reducing the pres¬ 
sure to atmospheric. 

(C) An instant later the overhead scavenging valves open, and air, 
furnished l>y a separate air pump, enters and hh>ws imt the remaining 
gases through the exhaust jkirts. 

The fuel ctmsiimplion of the two-cycle engine is slightly greater than 
the four*cycle engine. chieRy on account of the successive scavenging and 
charging of the latter which is more complete. 'The conversion of the 
fuel into useful work and distribution of the different heat losses of the 
two types of engines is ,s)u»wn diagranunatically in Fig. Mi. The two- 
cyclc engine has pri»ved much more dtflicult to design, and the scavenging 
of the cylintlcrs has to be solved mostly by costly experiment If the 
.scavenging is niit perfect the working of the engine will pr<wc defective. 
Instead of having a cyliruler full of air U*t combustion, with imperfect 
scavenging there remains a (|iiantily of burnt gase.s which reduces the 
efficiency of the engine by not properly utilising all the fuel. 

High-Speed Diesel Engines.—In discussing the subject of *‘High Speed 
Diesel Engines" licforc the .S.A.E.. O. l>. Trieber. ait expert on marine 
Diesel engines ami a niciiiber <»f the S<>ciely gives some j>crtiiiciit facts on 
this subject that will show why there are .some difftcullics inherent with 
true Diesel engine construction that mu.st be overcome before the advan¬ 
tages can be reali?:ed in lighter. high-s])ccd automobile and aircraft applica¬ 
tions. Most solid-injection Diesel engines operate on a dual or mixed cycle, 
that is, a combination Otlo-Diescl cycle; and, of late, air-injection engines 
have been built for a similar dual cycle. In actual practice the dual cycle 
can be carried to a |)oint that, within reasonable constructional limits, will 
show fuel ecomiiny of about 0.35 lb. jier b.hp.-hr. which accounts for the 
tendency of air-injection engines toward the <lual cycle. 

Diesel engines were first made to burn coal-dust, the compression- 
prcs.sure being about 9(K) lb. sq. in. Later, tbe perfecting i>f air injection 
brought the conij>ressioii-prcssure down to 500 lb. per sq. in., and now cer¬ 
tain types of soHd-injcclion Diesels start from a coI<l condition with the 
compression-pressure al .^25 lb. per .sr[. in. It is interesting to note that the 
compression-pressure of carliureting engines ha.s been gradually raised. 
Diesels and carbureting engines, though radically different in type, are, in 
Mr. Tricbers opinion graclually approaching each other. Furthermore, 
carburetion has been improved to such an extent that the higher grades of 
fuel-oil necessary for some Dic.sel oil-engines at present on the market can 
be, and are being, used in carbureting engines with electric ignition and 
with marvelous economy. Those develo])ments naturally militate against 
the development of self-ignition Diesel engines. 

Marine Diesel Engines Very Heivy.—The Diesel engine, as originally 
developed, was very large and heavy, and followed the generally recognized 
practice in the art of building large marine-engines, in which slow speed 
was necessary ft>r propeller efficiency. The marine field for years offered 



86 


MODERN AVIATION ENGINES 


the only Diesel-enRinc market; in fact, if it were nai for marine business, 
there would l)e little or no activity in the buildinj? of Diesel cngrines in 
America t<i<lay. For years DieselH have been Iniill that \vei|;h from 175 
to 500 11). per hp. Slow s|>cc<l was the rule. No market fuT fast-running 
engines existed. Attempts were made from time to time to <lovelop higher 
speed and obtain lighter weight, particularly in small engines, but what 
little success was achieved was quickly discounted by the further develop¬ 
ment of carbureting engines using electric ignition. The whule vvf»rld was 
organized to provide a carbureting fiiel-<Ml at every turn of the Toad, chem¬ 
ists introduced the macking process to produce mure carbureting fuel from 
the crude, and now syntliciic fuels doi>e<l for terrifically high coinprcssloiis 
and using electric ignition arc apjiroacliing Diesel-engine ceoiiuiny very 
closely on a weight*i>er-horscinover basis \tt the order of 0.5 to 0.4 II», of 
fuel per b.hp.-hr. Furthermore, the world has been organized to produce 
carbureting engines at very low first-cosi and to service thcui, a general 
knowledge of their fjeculiarities has been increasing, ami snjiplica of spare 
parts arc well distributed throughout the country. A new era in Diesel 
engineering has arrive<l, Engineers arc taking advantage uf the pri^gress 
made in the carbureting engines used in automobiles and airplanes and are 
using the new metal aibws nmv available. It is natural, therefore, that 
progress should exjiected in reducing the weight of the larger engines, 
insofar as the market will absorb the product and provide (qj]iorlunities 
for further advance. 

The principle used in Diesel engines is becoming generally recognized 
as the igniti<m of fuel by the heat of comprcssuin in intcrnabcombuKtiim 
engines. In the Diesel field a battle has been wage<l between the advocates 
of air injection and solid injection, and of si*If-ignili<ui and semi-Diesel or 
semi-self-ignitton of both air and solid injections. The systems all have 
served well, but Mr. Triebor l>clievcs he is safe iii saying that air injection 
and solid injection have held the limelight Uir some years, with .solid injec¬ 
tion now gaining undisputed faviir in every field. The Diesel cycle has 
been >vell cstabli.shcd as a constant-pressure cycle, as compared with the 
constant-volume, or Otto, cycle. 

Diesel Mean Effective Pressure Low.—The mean eflective gas-pressures 
obtainable in a Dic.sel engine u.sing natural aspiration are iuhcrcnily lower 
than those of a carbureting engine, because the exjiausioii ratio is reduced 
by the use of tlic dual cycle. The subject of mean effective )ircssurc in 
Diesel engines has been much conlcstetl ior years among Dicsel-etigine 
builders. AttenijUs have liecn made to eslaldish a .standard of mean 
effective pre.ssurc. The fact of the mailer is that an air-injection Diesel 
engine using natural aspirathm and a true Diesel-cycle has a limiling brake 
mean effective pressure <»f aliout 80 lb. per s<|. in., beyond which it is 
difiicult to go. Some of the semi-Diesels have been limited t<i 45 and 50 lb. 
per sq. in. b.m.c.p. A carbureting engine to<lay easily develojis 110 lb. 
])er sq. in. b.m.e.p., and some as high as 140 lb. per sq. in,, with even higher 
records. So, the air-injection Diesel seems to have a further handicap in 
weight per horsepower of ratios from 80 to HO. and up to 140. 

For several years Mr. Triclier has endeavored u* increase the mean 
effective pres.surc in Diesel engines. Ten years ago, to get 75 lb. per, sq. 
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rn. was an effort. A study of the theoretical timils of the mean indicated 
pressure, when the dual cycle is used. i»ITers encouraffetnenl. An analysis 
has been made with the following assumptions: 350 lb, per sq. in. gauge 
adiabatic compression-pressure with an exponent of 1..LS, which is com¬ 
parable with engine performance: 100 per cent volumetric^efficiency, the 
fuel charge to he chemically correct for complete combustion, no excess air, 
and sufficient oil to l»c burned at cimstant volume to raise the pressure at 
top dead-center to 700 Ih. jjcr sq. in., and the combustion lo he continued at 
constant pressure utilil it is complete; the vxpaTisi<m to be a<liabatic, using 
the mean gas-constant as exiwment, which shows a theoretical mean indi¬ 
cated pre.sstirc of 345 lb. |>cr sq. in., which we can apj»roach but never 
reach, as there are 1o.<scs due to radiation, dissociation and excess air. 

The theoretical indicated thermal efliciency is 45.6 jier rent. c<irrcspon<l- 
ing lo a fuel consumption of 0.308 Mj. per i.hp.-hr.; at 84 per cent mechanical 
efficiency, the fuel consumpthm is 03fi/> lb. per h.hp.-hr. If the above figure 
nf 245 Ih. for the llieoretical limit of the mean indicated pressure is corrected 
for the losse.s we know to exist; namely, radiation, twenty jicr cent; excess 
of air, ten j>er cent; volumetric-efficiency loss, leu per cent, we must first 
correct ff»r v<»himetric eniciency. nanudy. 245.00 X 0.*^)“ 220.50 lb. Then, 
correcting f<»r the excess air requirnl. we have 220.50 X 0.**0 “ 108.45 Ih, 
Many engineers, particularly Euroi>ean engineers, consider that ten per cent 
excess <if air is md enough. Carbureting engines, however, have probably 
exceeded this amount. Hy e<»rrecttng the fco*egoing figure b*r losses by 
Mdiation. wc have rw.45 X0«0= 158.70 Ih. 

C(»rrec(iiig the theoretical indicated thermal efficiency of 45.6 per cent, 
which is equivalent to 0..tt)8 Ih. of fuel per i.hp.-hr.. and using fuel w ith the 
low heal-value of 18,5f)0 II l.u.. we have the ci»rrcctitMi for rioliatuin losses, 
twenty per cent, and for mechanical h»sse.s» sixteen per cent, bringing the 
fuel consumption to 0.43 lb. per h.hp.-hr. 

Liquid Fuel Atomization a Problem.-^Tn a Diesel engine, a low volatile 
fuel-oil tiiu.st l>e comerted from a Cidd liquid-condition into a finely divided 
or atomized state and its temperature must he raised to a pi>int at which the 
hy<!rocarl>on .atoms unite chemically with the (»xygen in the air charge. 
I’his is the crux of many limitations. We do not kiu>w how to convert the 
fuel successfully iiiio such a state l>eforc it is injected into the air ch.argc. 
The greatest inherent diflkully in doing so is the decomjjosing of liquid 
fuel-oil svhile being converted into a gaseous stale. If wc fiiul a way to 
convert heavy liijuid fuel-nil into a gas without breaking it down, decom- 
l»c),sing it, or freeing the carlion, wc shall have a s<dtition to the burning of 
nil in cylinders that will put the Diesel engines of t<Klny into the <liscard; 
hut the nature of the oil cannot l« changed. Time is required to convert 
a liquid fuel into a finely divided or atomized state, rai.se its temperature 
sufficiently to unite it chemically with the oxygen, .ind produce combustion. 
This time is called the timc-Iug. The injc'clion canni»t l>c admitted too early 
in the cycle, f<ir the fuel would enter the air at i<mi low a temperature to 
produce ignition, liy the time the heat from the compression became suf¬ 
ficient to ignite the hydrocarI kj ns, so great a quantity of fuel would be in 
the air charge, which w<mld be rising in temperature at the same time and 
rate. that, when the temperature was suflicicnt to produce a chemical 
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union of the hy(lrf>carl>on5 and the oxygen, the action would be of such 
volume or quantity that the cylinder pressures would be raised above the 
practical limits. 

In practice, as is to 1>e expected, Mr. Tricber finds that the fuel con¬ 
sumption is reduced as the mean indicated pressure is reduced, and the 
amount of fuel hurne<l at constant volume is maintained constant; in other 
words, by reducing the “la))** and maintaining the "lead** of the fuel spray, 
we have records of economy as low as 0.34 lb. per b.hp.-hr., but the brake 
mean effective pressure was low, being about 80 lb. per sq. in. Thus, we 
see that it is possible to obtain mean effective pressures equal to those of 



•-Ctoas^SecnoN or saoCkUr. Dicm Enciks 


Fig. 35A.~CroM Section of a 3,000 Koriepcwer Mirine Dieoel Engine Operitinf at 
700 R.P.M., Weighing SS.QOO Pounde, PreMnted to Show MaMiveneM of Centtnetion 

Required in Heavy Doty Bnginei oi tUf Type. 


NO AIRCRAFT DIESEL ENGINES 
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the carbureting: engine^ hut the higher initial pressures will always make it 
necessary for the Diesel engine to l>c inherently heavier, with heavier 
reciprocating parts; and this again is a harrier to speed. The speed is 
limited for two reasons: the first, mechanical, as noted, and the second, 
more important in small engines, hy the time-lag of fuel ignition. Besides 
this, the intHHliiction of relatively small quantities of fuel by an injection 
valve is a delicate process more difiiciilt to realize in its practical applica¬ 
tion to small engines than theoretical considerations would indicate. 

Aircraft Diesel Engines Not Yet Available.—It is believed that if the 
constant pressure engine can be refined and developed to give high effi¬ 
ciency at r.p.m. comparable to average airplane cruising speeds that it will be 
|)(issible to make a materia? reduction in the cost nf fiperution because the 
cheaper, nonvolatile fuels can be used instead of the more expensive 1i- 
<|ui<ls that cvnpor.ale rea<lily ami which are absidulely necessary where 
liquid vapor is drawn into the cylimlcr ami compressed before ignition. It 
is believed that in the light of present-day developmcnls, such as the knowl¬ 
edge that now obtains relative to high gratle steels and other metals and 
alloys of great strength and lightness, that c<»nslant pressure cycle engines 
operating approximately on the Diesel princqdes will be developed that 
will not be impractical on some ty|>es commercial aircraft. The Diesel 
engine is extremely attractive for aircraft from two vicwpi>ints; first reduc¬ 
tion of fire hazard an<l, second, increasing the cruising range of aircraft; in 
fact, after the phenomenal loug-<listance records of 1927. experts prophesy 
that there will be no great arlvance in that direction until we have Diesel 
aircraft engines, which promise to reduce the fuel consumption an<l elimi¬ 
nate all troubles due t<i electric ignition now essential with conventional 
engines. They may. however, iiitro<]nce other troubles of a mechanical 
nature due to fuel injection system. 

Hon, Edward P. Warner, Ass t Sec y of the Navy for Aeronautics, said 
in a recent discussion of the subject: 'Tt has occasionally been suggested 
that the Goverumcnl dcj>arltncuts. especially the Navy, have liecii indiffer¬ 
ent to the <levcloj»niciit of Diesel powerplauls. I reputliale any such 
suggcsti<m. Wc are fully a)q>rccinlivc of the great theoretical pi>ssibilities 
of the Diesel, esj^ecially tm hmg flights of airplanes or airships where fuel 
c<msumption l>eci»mcs of greater relative iunw»rtancc than the weight of 
the bare engine. I am confident that the pnjblems of the heavy-oil 
cumpression-ignition engine for aerial service will be solved, and what wc 
hear is most encouraging as indicating that we are on the road; but we 
arc unable to feel that the solution, in form of an aeronautic engine ready 
for operation, is iinmcdiatcly at hand. Wc shall do all that we can, con- 
si.stent with proper attention to those standard types of ga.soline engines 
on which our major dci>cndencc must certainly !*« placed b*r a numf)er of 
years yet, to speed its coming. When it is here it will be more than 
welcome, and 1 hope that it will ultimately bring not only decreased fuel 
consumption and reduced fire hazard.s, but increased reliability and life 
as well, in its train.*’ 

The Attendu Solid Injection Oil Engine.—A two-cylindcr experimental 
engine designed by Andre Attendu. a J'rcnch engineer and a member of 
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Fig. 35B.—Diagrtmi Showing Conatrvction o{ Attendu Heavy Oil Aviation Engine Built for U. S. Navy Eaperimental Work which 

has a Remarkably Low Weight per Horsepower for this Type of Construction. 
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the S. A. K.. for the Unilcd States Navy is shown at Fijj. .^5 H. ami tests 
that have been made to dale as rciKirt€<l in the .V. A. E. Jour$iai have jpven 
very promising results. It was Imilt primarily lo clolermiiie if a light weight 
engine c<nild operate at high sjieeds under the high pressures that prevail 
in oil engines. 

This aviation engine, which is the most recent am! advanced engine 
built by Mr. Attcndii i.s of the high-compression self-ignition type. It 
<»])crates on the two-.str<»ke cycle, using solid, that is, airless, injection and 
can he started from cold ou Its normal fuel, which is 0.9.Vspecific-gravity 
fuel oil. The engine Is extremely flexible; it is capable of maintaining a 
high lJ»rr|Uc throughout a speed range of from 400 to l.fiOO r.p.in. 'I'his 
flexibility is obtained by retnicment in the regulation of the fnel ]niinj> 
aii<l by a jialenlcd system coinpression-j>resMire ctmtrol. ^I'his engine 
has two cylinders, Sjixb;'* inches, ami a rated output of 100 b.hii. at 
1..^00 r.]>.ni. port scav(*nging and uni-direetionul flow of air and gases 
arc obtained hy tdaeing the inlet valves in the head. A largc-diamctcr 
short-stroke air i)unip is motinled at the side of the engine, with its axis 
nearly liorizonla). It is dinible-acting and is driven at crnnksliafl s)>ecd by 
a layshaft that also operate.^ the exhaust valves. These valves, two per 
cylinder, arc set in a piH’kel close to the exhaust ports and their lime of 
closing is gcnerncd by an aulmiiatic c<nUrol. 'riic valves are always ojien 
when the piston uncovers the exhaust jiorts. but are closed at a varialde 
point before the ports are ciivercd again. Hy variation in this point of clos¬ 
ing, the ciTeclivc lenglh of the nmipression stroke is alterctb Thus, in starl¬ 
ing and at lower spee<ts. a greater volume of air is retained in the cylinder 
In cinnpcnsalc f*»r the slow com])rcssiou ami conse^pienily greater losses of 
h(**nt and pressure. 'Ihus the flual comprc.ssicm-pressurc may be held al a 
sensibly nnifonn value. 'J'lns is an es.senlial feature <»f the Altcndn engine 
and is sliown in tfie Iran.sversc section in Fig. .15 H. 

Elements of the Attendu Fuel System.—'Phe fnel-injrction system crmi- 
prisos three main elements: 00 a |)rimary. or l<iw-prcssnrc, pump; (6) a 
lngh-j)ressure pump that nielrrs and injects the fuel ,and (r > a spray imv.r.lc 
or injection valve. Hoth the ]>rimary and injection pumps arc of the single- 
acting plunger 1v)ic and arc operated from a Ciniimon shaft, on which arc 
t\v<j ]>rlinary plungers <Iriven by eccentrics. These .sujiply lwc» injection 
idnngers, one per cylinder, which are c.'unHiperatcd. '('he low-pre.ssure 
stage is re(|nire<l l<» draw fuel i»il fnnn the tank ami Ut en.snrc the rapid and 
ccnnidctc filling of llic liigli-iiressnre cylinder. N'ariation in the |K>wer 
<'Utpat of the engine is obtained l»y con trolling (he <|u<anlity of fuel in- 
jn*lc<l at each slri>kc ami this is accoiujilisUed by lifting lowering the 
liigh-pressnrc pinngrrs in relation lo the cams. This action has the effect 
of altering the point al which injection commences, but this is aiilomatically 
compensated for by the timing mechanism of the pump. Jn addition, a wide 
range of timing control is available. 

The injector consists essentially of a nozzle that is c<mtrolled by a 
sjifing-loaded needle-valve. 'Phis valve is set lo retain its seal against the 
pressure due to the primary stage of the fuel pump, hut opens promptly 
upon the marked increase in pressure due lo the operation of the high- 
])ressiire plunger. The timing is arranged so that sensibly constant-volume 
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combustion is obtained at the lower speeds. As the speed is increased the 
cycle changes from cimstant^volume to constant*pressure cycle. 

Results of Navy Tests.^The engine was delivered to the Navy in 
February, 1925, and ran fairly well up to 1.800 r.p.m,, but lubrication and 
minor mechanical irotiblcs developed in the valve adjustment, couplings 
and elsewhere, which delayed the official tests until the end of November, 
192,^, when the first test was passed successfully and the title to the engine 
vested in the United Slates (Kivernmenl. 

When first delivered, the engine dcvelojved 61 h.hp. at 1,350 r.p.m. 
With improvements on the adjustment and especially on the lubricating oil 
system, the hrakediorsepower increasetl to 76 at l,.k30 r.p.m., 82 at 1,610 
r.p.m., and 85 at l.<'»2f) r.p.m. 'flic best jM^wer output, 91 h.hp. at 1,525 
r.p.m., was obtained In Mr. Aitendirs lal»orat<»ry an<! he stated that by 
making some other alterations that were in course <»f e.\ ecu turn an <iddi- 
tional output of from 20 to 25 h.hp. can be obtained, which will bring the 
engine ii]) U> between 110 and 116 h.hp. tor a total weight <d 417 |)onnds, 
or a dry weight of 3.6 ]xiund.H per h.hp. The fuel consumption is now in 
the ncighl>orluK)d of 0.6 pouiuls per b.hjt.-hr., and the expectation is to 
reduce it to 0.5 pouiuls. it shows no marked advantage in fuel consump* 
tfon at pre.sent over carbureting engines as far as ([uaiitity needled i.s con¬ 
cerned but the cost of fuel w<»uld be cut to one-third or even less that 
amount of an erjiiivalent <|uantity of aviation gasoline. It is the most 
proniising aircraft Diesel engine that bn.s been described and illustrated 
publicly up to the date of prep.aring this v<ilume. The maximum speed 
recordc<l with this engine is 2,210 r.p.m. A very conii)lelc descripthm of 
this engine can he found in the S. A. E. Jottntal for February, 1926. 

Deuts High-Speed Diesel Engine.—The opportunity of another review 
of developments in the line of high-speed relatively light automotive Diesel 
engines in (ierniany was <ifTcred by the recent llcrliii motor vehicle show. 
Several new designs were presented in addition to those already known, 
such as the Daimlcr-Hcnz, M.A.N., Junkers and others. Dcscn])tion5 of 
the engnnes were given in I>cr ^fo^onKV^/cn and and the fol¬ 

lowing inf<»nnati(m is based on articles in these public.aticms. The illustra¬ 
tions are reproduced from AH/omothr Jntiustrics. The Dcutz engine is 
similar to the Daimler-Henz, in havingan antechamber or an ignition chani- 
lier. It differs from most 4>ther engines of this type in having the ignition 
chamber located in the cylinder head to one .si<le. instead of in the center. 
A central ignition chamber limits the size of valves which can be accom¬ 
modated in the bead, and the rcasiin for the use of the offset chamber is 
obviously to remove this limitation. The igtntion chamber inset is of 
thimble form and has a mini her of spray openings in its lower end, so ar¬ 
ranged as to direct the spray at a considerable angle to the piston head. 
A hot-wire igniter, used for starting, screws into the side of the cylinder 
head as shown at Fig. 35 C. 

The Deutz engine is being built in four- and six-cylinder types, with a 
bore of 4.53 inche.s and a stroke of (>.69 inches. The four-cylinder engine 
develops 55 horsepower at 1,250 r.p.m. and the six-cylinder 85 horscj>ower 
at the same speed. The four-cylinder engine, inclusive of electric .starter 
and generator, weighs about 1,320 jiounds or 24 pounds per horsepower, 
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while the six-cylinder engine weighs 1,630 pounds or about nineteen pounds 
per horsepower. The engine is intended principally for marine and indus¬ 
trial purposes, but can also be used for tractors and trucks. It is much too 
heavy for aircraft use, but the principles of o]>cration are u{ interest as they 
indicate some of the points that must he considered by designers of such 
engines intended for aircraft. The valves arc operated from the camshaft 
in the crankcase through side rods an<l nKkcr levers. Camshaft drive is 
through gears with helical teeth which arc located just inside the flywheel. 



This arrangement of the camshaft drive gears is not very jxjpular because 
of their comparative inaccessibility, hut it is used here because the nodal 
point of the crankshaft with respect to torsional vibration is U»cated a short 
distance ahead of the flywheel, and by placing the gears in this position 
they are made to operate more silently and their life is a<lde<I to. 

Deut 2 Fuel Injection System.—The fuel iujectinii is regulated by means 
of the inclined, slidable cams which operate the fuel piim|> plungers through 
the intennediary of rocker Icver.s, Longitudinal and cross sections through 
the pump are shown herewith. The cams for all of the four pump plungers 
arc made in a single piece which is mounted on a center that can be slid 
along its shaft cm a feather key. Presuinahly the roller followers are .made 
barrel-shaped instead of cylindrical, as else there wcmhl be line contact only. 
The fuel pump plungers arc moved outward by heavy coiled springs, to 
perform the suction stroke and are then returned by the cams for the deliv* 
ery stroke. No means are i)ruv]ded (or adjusting the delivery of the individual 
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combustion is obtained at the lower speeds. As the speed is increased the 
cycle changes from constant-volume to constant-pressure cycle. 

Results of Navy Te8ts.-^The engine was delivered to the Navy in 
February, 1925, and ran fairly well up to 1.800 r.p.m., but lubrication and 
minor mechanical troubles devcltij>cd in the valve adjustment, couplings 
and elsewhere, wlifch <lelnye(l the tjfTicial tests until the end of November, 
1925, when the first test was passed successfully and the title to the engine 
vested in the United States (i(»verumcnl. 

When first delivered, the engine developed 61 b.hp. at 1,350 r.p.m, 
With improvements on the adjustment and especially on the lubricating oil 
aystcin, tlic l>ruke-hi»rs<'pi>wer increased to 76 at 1„)60 r.p.m.. 82 at 1,610 
r.p.m,, and 85 at 1.6J0 r.|uii. 'I'hc best power output, 9J h.hp. at 1,525 
r.p.m., was ohtaine<l in Mr. AlteiuUrs lalH^ralory and he .staled that by 
making some oilier alterations that were in course of execution an addi¬ 
tional output of from 20 to 25 h.hp. can he obtained, which will bring the 
engine tip to between 110 and 116 b.hji. U»t a total weight <*i 417 jMHinds, 
or a dry weight of 3.6 pounds per h.hp. The fuel consumption is now in 
the neighhi»rlkoo<l of 0.6 ihumuIs per h.hp.-hr., and the exjkcctation is to 
reduce it to 0.5 pouinl.s. It .shows no marked advantage in fuel cfjnsump- 
tion at iire.'sent over carbureting engines as far as (piantily needed is ron- 
cenied but the cost of fuel would be cut to one-third or even less that 
amount of an ecjuivalcnt <|uuiitity of aviation gasoline. It is the most 
]>roniising aircraft hiesel engine that has been dc.scribcc] and illustrated 
])ublirly up to the date of preparing this volnmc. The maximuni speed 
rccorcled with tlii.s engine is J.ilO r.p.m. A very complete description of 
this engine can be found in the S. A. F.. Jounutt for February, 1926. 

Deutz High-Speed Diesel Engine.—The opportunity of another review 
of developments in the line of higli-.vpced relatively light automotive Diesel 
engines in Germany was offered by the recent Iterlin motor vehicle show'. 
Several new designs were presented in addition to those already known, 
such as the Dairnler-llenz, M.A.N'.. Junkcr.4 and others. Dc.scriptions of 
the engine.^ were given in her MoionK'atji'n and ANff>*Techmk, and the fol¬ 
lowing information ks based on articles iu these publications. The illiistra- 
tion.s arc re])r<i(lncc<l from Atitomnthr industries. The Dcutr. engine is 
similar to the Daimler-llenz, in having an antechamber or an igiiituin cham¬ 
ber. It differs from most other cngine.s <jf this lyjic hi having the ignition 
chamber located in the cylinder head to <»iie side, instead of in the center. 
A central ignition chamber limits the size of valves \shieh can he accom¬ 
modated in the head, and the reason for the use of the offset chamber is 
obviously to rcmtwe this liiuilation. The ignition ebamher inset is of 
thimble bfrtn and has a number of spray openings in its lower end, so ar¬ 
ranged as to direct the .spray at a considerable angle to the piston head. 
A hot-wire igniter, used for starting, screws into the side of the cylinder 
head as shown at I'ig. 35 C. 

The Deutz engine is being built iu four- and six-cylinder types, with a 
bore of 4.53 inches and a stroke of <1.69 inches. 1'he four-cylinder engine 
develops 55 horsepower at 1.2.'k) r.p.m. and the six-cylinder 85 horsepower 
at the same speed. The bnir-cylintler engine, inclusive of electric starter 
and generator, weighs about 1.320 potmds or 24 pounds per horsepower, 
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while the six-cylinder engine weighs 1,630 pounds or about nineteen pounds 
per horsepower. The engine is intended principally for marine and indus¬ 
trial purposes, but can also be used for tractors and trucks. It is much too 
heavy for aircraft use, but the principles of operation arc of interest as they 
indicate some of the points that must be considered by designers of such 
engines intended for aircraft. The valves are operated from the camshaft 
in the crankcase through side rods and nKker levers. Camshaft drive is 
through gears with helical teeth which are located just inside the flywheel. 



Water space Cylinder 

—Vfrttc^l t^etion through wp* 
p*r part «/ Douit ongins. 


^JiariMOmial ooetion through ml* 
indor hood 


Fig. 35C.—Diagrams Showing Construction of Deutx Diesel Engine. 


This arrangement of the camshaft drive gears is not very pojnilar because 
of their comparative inaccessibility, but it is used here 1)ecause the nodal 
point of the crankshaft with respect to torsi<iiiaI vil>ratit»n is l<jcatcd a short 
distance ahead of the flywheel, and by placing the gears in this position 
they are made to operate more silently and their life is added to. 

Deutz Fuel Injection System.—The fuel injection is regulated by means 
of the inclined, slidable cams which operate the fuel pump plungers through 
the intermediary of rocker levers. Longitudinal and cross sections through 
the pump are shown herewith. The cams for all of the fc»ur injmp plungers 
are made in a single piece w'hich is mounted on a center that can be slid 
along its shaft on a feather key. Presumably the roller followers are .made 
barrel-shaped instead u( cylindrical, as else there would be line contact only. 
The fuel pump plungers are moved outward by heavy coiled springs, to 
perform the suction stroke and are then returned by the cams for the deltv* 
ery stroke. No means are (provided for adjusting the delivery of the individual 
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punif>s» ))ut in their manufacture the pumps are checked so that the differ¬ 
ence between the niitiitiiuni ami maximum delivery docs not exceed five 
per cent of the delivery when the enfrine is idlinjf. Means are provided 
whereby the tinm of startiii^j the injection can be varied by hand. The fuel 
pum]) construction is sIiovmi at l**i^. 35 1). 



ctu«tor 


Cam shaft 


Cam profile 


Fig. 35D.~Diagrami Showing Construction of Deuts Diesel Engine Fuel Pump. 

A novel feature of the engine consists in the use of a de\icc similar to 
an impulse starter uve<l on heavy ^usoliuc engines, particularly tractor 
engines. This is inscrled in the drive bclweeu the engine ami the fuel 
pump. When the engine turns over slowly, as in cranking, a spring is 
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Air Compressor 
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Mechanicdt Looses 
IS Per Cent 






Scavenging Pump 
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Pour-Stroke Cycle Two-Stroke Cycle 

Fig. 36.-^DUgrami Showing Amount of Uaeful Work end Diitribution of Heat Loeiei 
on Two- end Four-Cycle Dieael Engine Typea Intended for Stationery end Marine Uee. 
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wound up, and at the proper time for fuel injection this spring is released, 
and causes the fuel pump to operate faster, and conse(|Ucntly to produce 
a higher pressure, than if it were positively Cimiiectcd to the engine. The 
higher injection pressure at low s|>ced is desirable hocause it procluces finer 
atomization. 



Starling is efTccted by means of an electric starter, ami to reduce the 
starting torque required a handwheel is o|)eralcd previous to switching on 
the starting current, which shifts the camshaft in such a way as to bring 
auxiliary cams into operation w*hich prevent compression in the engine, and 
which also shift the fuel pump cants into the no-deliver}' position. After 
the engine has attained s<ime speed, the handwheel is turned in the opp<isite 
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direction, which has the effect of placing one cylinder after another under 
compression and simultaneously starting the corresponding fuel pumps. 
If the engine is already warm, it Is not necessary to *'decompres.s'* and to 
use the auxiliary hot wire igniter, but merely to press on the starter button. 

Krupp Engine Uses Direct Injection.^The Knipp engine, shown at 
Fig. 35 E, which also is made in four* and six-cylinder types, uses direct in¬ 
jection. It has a bore of 5.32 inches and a stroke of 7.87 inchc.s, and the 
horsepower ratings arc 65 and 100 respectively. Light alloys are exten¬ 
sively used in the design, Ixdh the pistons and connecting rods being made 
of them. The fuel injection nozzle is of the open type and is located in the 
cylinder head between the two poppet valves. Cylinder heads are ca.st in one 
block for two cylinders. An interesting feature is a heat protecting sleeve 
for the exhaust valve guide, as shown in the drawing. The inlet valve is 
provided with a tlcflector on the bottom of its head, which is designed to 
increa.se the turluilence. Thc.se engines arc being manufactured in the 
Krupp Germania Works in Kiel which has hul extensive experience in 
building Diesel engine:^ for submarines. 

Ql’FSTlONS FOR RF.VIKW 

]. Mow is lint cnerKy converted into work? 

2. Whnt is the efficiency of the conversiim in the ensolme niRine; in the Diesel 
eni^ine? 

X Why is the inlernal-comhustion engine more efficient ihmt n stenm powrrpbnt? 

4. Oullinc requisites for Wst power effect in inlernid-condnisiion motors. 

5. Nume tirinciiml types of Diesel engines. 

Why HTf true .lirdiijcrtMin l)ic«c] eii>;nie« nnsniirti hir ;drcra{|’ 

7. KKpl.iin act inn of Diesel engine. 

8. Why is Diesel mean effective pressure low’ 

9. Wow (Iocs (he Atlendn engine differ front the true Diesel? 

10. Wliy are iinirnic Diesel engines unsuiled for utrcrufl? 



CHAPTER IV 


EFFICIENCY OF INTEKNAL*COMBUSTION ENGINES 

Vtrioui Meatures of EfHoiency^Tenperaturea and Prmurea—Facton Governing 
Bconomy^Loues in Wall Cooling—Improving Engine Perfortnance^Effect of 
Increasing Compreasion Rati^—Use of Long Espanaion Stroke—Value of In* 
dicator Card^VaJue of Compreaaion in Bxploalve Motors^Factora Limiting 
Compreaaion^Chart for Determining Compreaaion Freasurea—Cauaea of Heat 
Loaa in Motora—Combuation Chamber Form Important*—Heat l^aaea to Cooling 
Water—Horsepower Increase by Higher Rotative Speeda—Factors Limiting Aero 
Engine Speed. 

EfliciciKics arc w(»rkc<l oul through iutricalc fnnmilus for a variety of 
theoretical and iinktunvu C(Multtu>ns( of comlnislion in the cylinder: ratios 
of clearance and cylinder vuluine, and the uncertain condition of the prod* 
ucts of combustion loft from the last iin]uilsc and the tvall temperature. 
But they arc id hut little value, except as a malhcinalical inquiry as to 
possibilities. The real commercial efficiency of a gas* or gasoline-engine 
depends upon the v<»hiiue of gas nr liquicl at some assigned cost. re<|uircd 
per actual brake-horsepower |»cr hour, in which an indicator card should 
show that the inechauieHl action of the valve gear ami ignition was as 
perfect as practicable, and that the rath* of clenraiice. space, and cylinder 
volume gave a satisfactory lenninal pressure and compression: i.e., the 
diiTcrence between the power ligureil from the indicator card and the brake 
power being the friction loss of the engine. 

Efficiency Factors.^ln four*cycle motors of the com]*ression type, the 
efficiencies are greatly advanced by augmenting compression, producing 
a TTu»re complete infusion of the mixture of gas or vainir and air, quicker 
firing, and far greater pressure than is possible with the two-cycle type 
previously described. In the practical iiperalion of the internal-combustion 
enginr during the jmst thirty years, the gas-coiisumption efficiencies per 
indicated horsepower have gradually risen from seventeen per cent to a 
maximum of 46 per cent of the theoretical heat, and this has been done 
chiefly through a decreased coinhu.stion chamber and increased compres¬ 
sion—the Compression having gradually increased in practice from 30 lt>s. 
per square inch to above 100; but there .seems to be a limit to compression, 
as the efficiency ratio decreases with greater increase in compression. It 
has been shown that an ideal theoretical or computed efficiency of 33 per 
rent for 38 lbs. compression will increase to 40 per cent for 66 lbs., and 43 
per cent for 88 lbs. compression. On the other hand, greater compression 
means greater explosive pressure and greater strain on the engine structure, 
which will probably retain in future practice the compression between the 
limits of 90 to 100 lbs. except in super-compression engines intended for 
high altitude work where compression pressures as high as 125 pounds have 
been used. 

In early experiments made by Dugald Clerk, in England, with a com* 
bustion chamber equal to 0.6 of the space swept by the piston, with a 
compression of 38 lbs., the consumption of gas was 24 cubic feet per indi- 
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cated horsepower per hour. With 0.4 compression space and 61 lbs. com¬ 
pression, the consumption of Ras was twenty cubic feet per indicated horse¬ 
power per hour; and with O.M compression space and lbs. compression, 
the consumption of Ras fell to 14.8 cubic feet per indicated horsepower per 
hour—the actual efficiencies beliiR respectively 17, 21, and 25 per cent. This 
was w'ilh a Crosslcy four-cycle chriuc runninR on producer gas. 

Various Measures of Efficiency.—'I'hc efficiencies in regard to power in 
a heat engine may l>c divided into four kind.s, as follows: 

}. The first is known as the mtixiinttm ll/rorrtirat rffirinuy of a perfect 
engine (rcprescnterl by the lines in the imiicator diagramV This shows 
the work tif a perfect cycle in an engine working helwcen the received tem¬ 
perature + ab.stdutc temperature (Tj) ami the initial atmospheric tempera¬ 
ture + absolute temperature (T„>. 

II. The sec<md is the nt tnol ttmt rffirtntcy, or the ratio of the heat lurnc<l 
into work to the l<dal heal rccelvc<l by the engine. It expresses the indi¬ 
cated horse pemrr, 

in, The thir<l is the ratio between the serond t>r arluaf luutt effiriency 
and the first or niaxhtmut theorttuvi rffirinuy of a ixTfecl cycle. It repre¬ 
sents the greatest po.'^sible utilizatkm of the power of heat in an intcrnal- 
cnnibustion engine. 

IV. Tlic bmrth is the wahoniad efficienry. This is the ratio between 
the actual horscjinwer <lelivercd by the engine thmugh a dynamometer or 
measured by a brake (brake-horsepower), and the indicated h(»rscj)Owcr. 
The ditTerciice between the two is the pow'cr bist hy engine frictum. It is 
customary to .vpcak only of mechanical efficiency nt full load, and this may 
vary from 8() to 90 per cent. Of the gross inechanical bosses j>is(on and 
piston ring friction accounts for hIkiiU fjO ])cr cent of the total. Pumping 
los.ses account for nbtmt 25 per cent and friction of benring.s and auxiliary 
e<]uipmcut accoitiils for about fifteen per cent. 

Ill regard to the general bent eflicteucy of the materials of power in 
explosive engdnes, wc find Ibal with rihkI illuininaiiiig gas the ]>ractical 
efficiency varic.s from 25 to .“^5 |»er cent; keroseiic-m<»tors. 20 to 50; ga.solinc- 
motors, 20 to 52; acetylene, 25 to 55; alcohol. 2ll to 30 per cent of their heat 
value. I'hc great variation is no <b»ubi due to imiicrfcei mixtures and 
variable conditions of the old and now' charge in the cylinder: differences 
in engine design an<l accuraey of w<»rkmaiiship; unccrt.ainty as to leakage 
and the pcrfecli^fU of combii.'^fion. In the I )icscl iii<»t«>rs operating under 
high pressure, up to nearly ,S00 jiounds, an efficiency of 36 per cent and 
even more is claimed. The graj^hic diagram at Fig. 31 in the preceding 
chapter is of siiccial value as it .shows clearly how the heat produced by 
charge combustion is ex|>eudcd in an aircraft engine of average design. 
Some will have a different distribution of heat losses than others but these 
will not vary materially. 

Oil general princit»k*s the greater difference between the heat of com¬ 
bustion and the boat at exhaust is the relative measure of the heat turned 
into Work, whicli repre.senls the clegree of efficiency without b»s.s during 
expansion. The malbcmaiicnl fonnnla.s appertaining to the computation 
of the element of heat ami il.s work in an explosive engine are in a large 
measure dependent upon assumed values, as the conditions of the heat of 
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cc>mbuslion arc made uncertain l>y the mixing; of IIk* fresh charge with the 
products (if a prcvitiiiK comhiislitMi. and by absorjition, radiation, and leak¬ 
age. The compntalion of ihc teinperaliire from tlie observed pressure may 
be made as liefore cxplatned, Init for comiircssidiM'iigines the nec<le<! 
starting-jjoints for coinjnitalion arc very uncertain, and can iuily be ap¬ 
proximated from the exact measure and value of tbe elements of combustion 
in a cylinder charge. In the light of present knowledge the highest thermal 
efficiency is obtained in gas- or gasoline-enginos when the cylinder is lie- 
tween three and six inches in diameter. The highest thermal efficiency ever 
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recorded by any heat engine, namely 39.5 per cent on the not shaft horse¬ 
power, was obtained on the Napier racing aeronautic engine which won 
the Schneider Cup trophy in 1927. The highest thermal cfficieticy ever 
recorded on a gas-engine using town gas was obtained by A. P. Bnrstall, at 
Cambridge University, on a high-siiced vanahlc-coinprcssion engine of only 
^{'a-in. bore: while almost, if not (juite, the highest thermal efficiency ever 
recorded in a Diesel engine, namely 38.8 per cent on the net shaft horse¬ 
power, was obtained by the Royal Aircraft Pstaldishment on a high-speed 
Diesel engine of eight-inch bore nmniug at l.OOU r.p.m. 

Temperatures and Pressures-^Owing to the decrease from atmospheric 
pressure in the indrawing charge of the cylinder, caused by valve and 
frictional obstruction, the compression seldom starts above thirteen i>ounds 
absolute, especially in high-si)ecd engines. Col. 3 in the prcaxling table 
represents the approximate absolute compression pressure for the clearance 
percentage and ratio in i'oU. I and i. while Col. 4 indicates the gauge iires- 
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sure from the atmospheric line. The temperatures in Col. 5 are due to the 
compression in Col. 3 from an assumed temperature of 560® F. in the mix¬ 
ture of the fresh charge of six air to one gas with the products of combus¬ 
tion left in the clearance chamber from the exhaust stroke of a medium- 
speed motor. ThU temperature is subject to considerable variation from 
the difference in the heat-unit power of the gases and vapors used for ex¬ 
plosive power, as also of the cylinder-cooling effect. In Col. 6 is given the 
approximate temperatures of explosion for a mixture of six air to one gas 
of 660 heat units per cubic foot, for the relative values of the clearance ratio 
in Col. 2 at constant volume. 

Factors Governing Economy.—Tn view of the oxpcriment.s in this direc¬ 
tion, it clearly .shows th.nt in prariical work, to <»blain the greatest economy 
per effective braWe-horscjxmcr. it is ncccssar>': 1st. To transform the heat 
into %v<»rk with the greatest r.npidrty tnt*chanicnlly allowable. This means 
high piston .spre<l. 2ntl. To have high initial coniiircssHin. 3rd, To reduce 
the duratiiin of contact fjelwcen the liot gases ami the cylinder w'alls to the 
smallest amount iMissiblo; which means slmrt .stroke and fjuick sjiced. with 
a spherical cylinder hea<l. 4th. To adjust the tem]>erature of the jacket 
water (tn water-coole<l engines) to obtain the most economical output of 
actual pow'er. Thi.s means heat radiating water-coils or honeycomb radia¬ 
tor strticlure.s with air-cotding surfaces surlable and adjust able to the most 
economical rccjtiircmcnt of the engine, which by late trials renuircs tlic 
jacket water to be discharged at alMiut F. at sea level. In the case 
of air-cooled engines the radiating fins and the amcnint of surface exposed 
to the air stream provicling the cooling effect must be carefully propor¬ 
tioned to prevent ovcrcooling. rather than the impression that ordinarily 
obtains that such engines arc aj>t to overheat. 5lh. To reduce the wall 
surface of the clearance space or combustion chainbcr to the smallest possi¬ 
ble area, In proportion to its rerpiircd volume. This lessens the Joss of the 
heat of combustion by ex]>osiire to a large surface, and allows of a higher 
mean wall temperature to facilitate the heat of compre.ssion. 

Losses in Wall Cooling.—In an experimental iiivesiigalion of the ef¬ 
ficiency of a gas-engine under variable pistem sjieeds iua<Ie in France, it 
was found that the useful effect increases with the vebicity of the piston— 
that is, with the rate of expansion of the burning gases with mixtures of 
uniform volumes; so that the variations of time of com])lctc combustion 
at constant pressure, and the variations due to speed, in a way compensate 
in their efficiencies. The dilute mixture, being slow burning, will have 
its time and pressure quickened by increasing the speed. 

Careful trials give unmi.stakable evidence that the useful effect increases 
with the velocity of the piston—that is. with the rale of expansion of the 
burning gases. The time necessary for the cxplosicm to become complete 
and to attain its maximum pressure depends not only on the composition 
of the mixture, but also upon the rate of expansion. This has been verified 
in experiments with a high-speed motor, at speeds from 500 to 2,000 revolu¬ 
tions per minute, or piston speeds of from 16 to 64 feet per second. The 
increased speed of combustion due to increased piston speed is a matter of 
great importance to builders of gas-engines, as well as to the users, as 
indicating the mechanical direction of improvements to lessen the wearing 
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strain due to high speed and to lighten the reciprocating parts with in¬ 
creased strength, in order that the balancing of high-speed engines may be 
accomplished with the least weight. 

From many experiments made in Europe and in the United States, it 
has been conclusively proNxd that excessive cylinder cooling by the water- 
jacket results in a marked loss of efficiency. In a series of early experi¬ 
ments with a Simplex engine in France, it was found that a saving of seven 
per cent in gas consumption per brake-horsepower was made hy raising 
the temperature of the jacket water from 14P to 165° F. A still greater 
saving was made in a trial with an Olti» engine by raising the tcinjicraturc 
of the jacket water from 61 • to 140° F.—it being 9.5 per cent less gas per 
hrake-horsepower. This fact, which shows that high operating tempera- 
lures are desirable. prolKtbly accounts b»r the high efficiency of our modern 
air-cooled aircraft engine wliich can he run hotter than water-cooled engines 
without damaging the engine. 

It has been slatc<l that volumes of similar cylinders increase as the cube 
of their diameter.s. while the surface of their cold walls varies as the square 
of thetr diameters; so that for large cyliiulcrs the ratio of surface to v<ihimc 
IS less than for small ones. This points to greater ec«>noniy in the larger 
engines. The study of many ex|HTnncnls goes to prove that combustion 
takes place gradually in the gas-cuginc cylinder, an<l that the rate of in¬ 
crease of pressure or rapidity of firing is conlndlcd by dilutitm and com¬ 
pression of the mixture, as well as by the rale of expansion or piston speed. 
The rale of combustion also de]>cnds on the sue and shape of the cx]d(»sion 
chamber, and is incrcase<i by the Tnechanlcal agitation of the mixture dur¬ 
ing compression and combustion, this being known as turbulence, and still 
more hy the mode of firing. tw*o or more sparks giving more power than a 
single sparkplug. 

Distribution of Heat in a High-Speed Engine.^Thc following test re¬ 
sults show I he obs*crvcd distribution of heat in the Ricardo variable-com¬ 
pression engine inidcr various conditions of operation. Since they were 
taken in circumstances that make for a very high <lcgTee of accuracy, and 
under a fairly wide r.ingc of conditions, they are perhaps of some interest. 
With the exception <»f the test.s nn hydrogen, when the jxover was controlled 
by reducing the fuel supply and therefore the flame teni)>eralure, there is 
nothing novel. In all cases, cxcc)>l with hydrogen, the tests were made 
at a mix I lire strength ranging from five to ten per cent weak. The tests 
were carried out in three gToui>s. Group A ct»mprised tests at a constant 
cfunprcssion-ratio and constant fuel-air ratio, but with varying speed, on 
two fuels; also, one series of tests at a higher comjjrc.ssion ratio. Croup 
li included tests at constant .speed, but with the mean effective pressure 
varied by throttling, on two fuels, (iroup C was c<unpi»scd uf tests at 
constant compression-ratio and constant speed, but with the mean effective 
pressure varied by varying the fuel-air ratio ns in a Diesel engine; hydrogen 
gas l>eing u.sed as fuel in this instance. In all cases the following precau¬ 
tions were observed: 

(1) The circulating water was maintained at a constant temperature 
of 60 degrees Centigrade, plus or miuus two degrees Centigrade 
(140 degrees Fahrenheit, plus or minus 3.6 degrees Fahrenheit). 
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(2) The heat-iminit tn the carlnircMir was a<ljvisled to bear a constant 
proi«»nion to the wclj^hl of fuel consumed, except in the case o£ 
hydrogen when the carburetor was unhealed. 

In Group.s A and B, the fuel-air ratio in all cases was such as to 
ffive ap])roxiniately ten per vent excess of air over that required for 
c<mipletc coniimilloii of the fuel, the air consumption being meas¬ 
ured and acljuNied in each ease. 

(4) No readings were recorded until all tem|>eratnre conditifuis had been 
stabi]izc<l for a ctnisidcrabk period after each change of state. 



m m Tm m 3IK %rt 40B2 4$)? 49S 
Tig. 36A.-~Curv€B Shewtna Internal Ener^ Values. 

The atnoiuil of heal ^Hssipated. to the exhaust, by radiation and the like, 
IS arrived a! hy difTereiiee in eacli ease. 

ill all cases tlie indicate<l thermal efl'icicncy can l»c taken us accurate 
to within alumt 0.5 per cent, ami the heal to ciuding >valer to within <me 
per cent. Also, in all cases the heat pnrthiccd by piston friction and that 
lost by radiation balanced at approximately 1,500 r.p.m. The water tem- 
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peraturc at which the reatUngs were tahen was that which the cylinder 
attains when motored continuously at 1.500 r.p.m.; that is. 45 or 60 degrees 
Centigrade (115 or 140 degrees FahrenheiO nhove alin<»s]jheric temiieralure. 

RICARDO TKSTS SHOW INC HKAT niSTRlRUTION IN A HIGH SPEED 

INTKKNAL-COMIIUSTION KN(;i\E 
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Internal Energy Values.^-In Fig. 36 A the internal energy curve is 
j)loircd in terms of British thermal units per standard cubic Inch on a ver¬ 
tical scale* against the temperature on a horizontal scale by H. R. Ricardo. 
The other full-line curve shows the energy present as heat, so that the 
difference l)et\vecn the two curves shows the chemical energy stored in the 
products of dissr»ciation. Zero energy Is taken at 100 degrees Centigrade 
('212 degrees Falirenlieit) as being an average temperature at the beginning 
of compression. Variations in this temperature will have but little influ¬ 
ence. The explanation given l>c1o\v f»f the use of the diagram is supplc- 
mentc<l by ^an example worked <mt for the following <lata, the construction 
lines of the exani]>ie lH*ing shown dottc<l in Fig. .36 A. 

ComprcssKui-ratio. K, zr5 to 1 

Energy content —46.2 n.t.u. ik*t cuhic inch 

Heat losMhiring comhustion -6 per rent 

Heat loss during c.xpansion =*6 per cent 

There are three factors in an actual engine which modify the tempera¬ 
ture attaincrl hy the comlmstion <»f a mixture of any given energy content. 
They arc the 

fl) Heat put intt» the mixture hy conijircssiou 

(2) I.OSS <h\e to rinding hy the walls <»f the comhustion-chamber during 
comlmstion 



i'.fTcctive weakening of the mi.sture due to dilution with the residual 
exhaust prtKlncts 


Factor (1) is allowed for by laying off ibc heats of compression for 
various ratios by the marks **K “5.** etc., on the line 1* \\ near the hot’tmn 
of the diagram, 'riie energy content is then tnarked off above tins on the 
vertical line (.), V, rcprescnling the lOO degrees ('ciitigracle (212 degrees 
Fahrenheit) starting-|>oint. In the example, the 46.2 B.t.u. energy content 
U laid off above the 3.6 Ibt.u. nf rmupre-ssion. making a total of 40.8 B.t.u., 
this Indiig the gn^s-s energy cimtent friun whieli the losses due u* factors (2) 
and must be deducted. This is done in the fullowiiig manner: 

On the horizontal scale C is inarkeil the effective energy los.s due to 
dibit ion with residual exhaust. asMinicd to be at 1,000 dcgree.s Centigrade 
(1.8.32 degrees i'ahroiiheit). Seale E sliow.s the percentage loss due 
to cinding during ccmibuslion. This is laid off at any figure w'hich 
previous experience sbuw.s as probable f<»r the type of combustion-chamber 
in question; this is six per cent in the example. A line is then drawn be¬ 
tween these two jMiinls. and the point of intersection of tlii.s line with the 
scale D gives the total percentage loss due to these two causes; this is 
11..? per cent in the cxanijde. 

To transfer this to the diagram, a line is dropped vertically from the 
above intersection jHiint. AniUher line is <lra\vn fr<»m the point on the line 
O, Y, giving the gross British thermal units per cuhic inch to the suitable 
compression jioint on the line P Pj, and representing 100 per cent on scale 
D; this is 49j^ B.t.u, per cubic iuch in the example. From the intersection 
of the above two lines, a horiziintal line is run to the energy scale on one 
side, and the energy curve on the other. The jwint on the energy scale 
shows the net energy available for cxiwn-sion; it is 44.5 D,l,u. per cubic inch 
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in the example. From the energv-teniperaturc curve, the acUial flame tem¬ 
perature can be read off; this is 2,475 degrees Centigrade (4.487 degrees 
Fahrenheit) in the example. 

The drop in temperature during the expansion-stroke <lepends on the 
two factors of (a), external Mork done and (U) heat loss to the walls. The 
net power output is given as a percentage of the heat content of the mix¬ 
ture on scale F, the formula used being n = l — (1/R)®**”\ This covers 
all dissociation and similar effects, but not wall losses. The wall loss dur¬ 
ing expansion is laid <»ff on scale E. A line drawn between these jxjint 
gives their sum on scale D as before. A perpendicular from this point is 
droppcfl to meet a line from tbe net-cncrgy pf»inr on 0| Y, to the suitable- 
compression point on the line V P,. As the gross work done during ex- 
pan.sion is the sum of the net work mentioned ab(»vc and the comprc.ssion 
work, this latter amotinti which \s XCt Ibt.ii. in the example, must be laid (jff 
below the abtwe intersection pidiit, to find tbe energy content at the end 
of expansion, which is 24.5 Ibt.u. in the exatuple. The corresponding final 
temperature, 1.fi7.S degrees Centigrade (.^.C47 degrees Fahrenheit) in the 
example, can then l>e read from the energy curve. 

Taking an actual e.xainple from the variablc-<‘onipressiou-cnginc data, 
with a correct jiiixtnrc of an energy content <if 4Ct2 Il.t.u. per cubic inch and 
a conlp^cs^^o|I-ratio of five If* otic, the actual inaxiintiiu fiainc-teinperaturc. 
as obtained front the <liagrain in l"ig. .15 C allowing for the additional heat 

comj)rcs?.ion. tbe wall loss during C4mibu.sti<»n and the dilution by resid¬ 
ual exhaust pHnlucts, will be 2,47.5 degrees Centigrade (4,487 degrees 
Fahrenheit), c*irrespondiiig to an energy content <d 44.5 IM.u. jicr standard 
cubic inch. At a ratio of five to one, the observed indicated thermal effi¬ 
ciency is 31 per cent; of this, five per cent is <luc to the change in specific 
Volume <if the niixliire, S4i that the beat drop is 46.2 X 31 X 100/105 = 11.6 
H.t.u. per cubic inch. Add to this the 1,6 Ji.t.n. of compression work re¬ 
stored during expansion, and the six per cejil of 46.2 or 2.8 B.t.u, of wall 
lo.ss during cxpansiiin, and the lf*lul lieal-drop during expansion becomes 
20.0 K.l.ii. per cubic inch leaving a final energy content of 24.5 B.t.u. per 
cubic inch which, it will be fibserved, coincides with the figure found in the 
example under the same conditions. The correstionding final temperature 
is 1,675 degrees Centigrade (3,047 degrees Fahrenheit). 

While affecting the final temperature directly, it should be observed that 
the loss of heat during expansion has only a slight influence on the actual 
efficiency; this has been ign(»rcd in the construction, l>ccause much of it is 
lost late in the €X))ansion-slroke where its value is less. Another slight 
error allowed] to remain in the construction, for the sake of simplicity, is 
that a percentage of the net heat available during combustion is deducted 
for the jacket loss during expansion; whereas this is given as a proportion 
of the total heat available in the fuel. The error due to this cause is how¬ 
ever very small, being in the ca.se considered 2.8 (46.2 — 44.5) ^ 44.5 = 0.11 
B.t.u. per cubic inch, and can be ignored safely. 

Improving Engine Performance.—Results of three sets of investigations 
looking to the improvement of intcrnal-combustion-engine performance 
are set forth in a paper by H. M. Jacklin <d l*urduc University. West 
Lafayette, Ind., published in the March, 1928 S. A. E. Journal, entitled ‘Tm- 
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proving Engine Pcriormancc.’* 1‘hc first set was with inultipie ignition, 
the second with high coinpressioii, and the third with the comparative 
behavior of a variahle-coinjircssion engine when operating as a constant- 
clearance engine and when operating with constant compression. The 
tests with inn 111 pic ignilion indicate that it increases the power about nine 
to ten per cent at full throttle and generally gives smoother operation than 
ignition with a single sparkplug, especially on the leaner air-fuel mixtures. 
Increasing the c<itnprc.'‘sirm ratio from to 1 in 10 t<j 1 resulted in a 
thirteen per cent increase in the i>ower <lcve1opecl by the engine. 

Ojjcrating the engine on the eonslaiit-comi’ro.ssion principle resulted 
in a fuel saving of ns inucli as per cent. 'Hie ihennal eflicicncy was in- 



Fig. 37.^Theoretlcal Cylinder Diagrami for CompreMion Ratio of 4, 5 and 7 Showing 
a Big Increaie in Preaaure with Augmented Compresaion. 
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creased in the vsaine amount, and the exhaust temperatures dropped more 
rapidly at rediice<l loads under omstant compressitm than tn the conven¬ 
tional constant-clearance o)»eratinn. Fixed sj>ark is entirely feasihle, nmler 
conslant-cimiprcssuni nperalinn. Conihustion is nuieh hclter than it is 
with constant-clearance operation ainl this shimUl result in less carlxin 
deposition and less crankcase-i»il dilnii<in. 

Writinj; on tins snhkct in Ait/fuitothr Industries, P. M. Heldl, the well 
kinovn aut«»motivc enjjineerint' antlu^rily says that automotive einfines can 
he made more efllcient hy increasm^f their ratio of eK|>ansion. In the ordi¬ 
nary engine the ex])ansioii ratio is ef|nal ti» the eoMij>ression ratio, and the 
theoretical thermal enicieney then depends np>»n the compression ratio. 
We can increase the expansion ratio in two ways—hy increasing' the c<im- 
pressicni ratio, and hy exjiandintj the hnrtiint' cliarjje t<» a v<dume larger 
than that occiitMcrl hy it he fore comi^rcssioii. With iiresciit day c<mimcrciul 
fuels it is not practical to increase the roinpression ratio hevoml 4.5 to 1, 
(»r at most 5 to 1. as a higher rate will result in det<mati<in. lUit if anti- 
dctimating fuels shouUI fliul a wide market and their distrihution hec<ime 
general, it is not incoiiceivalde that nnioiniUivc engine hnilders would 
ilcsign tlieir engines to o|H'ralo at higher vi»int»ressions. ti» take full ail van¬ 
tage of the (|iialilieK <if the fuel With fuels of the characteristie.s of ethyl 
gasoline, for instance, a compression ratH> of seven to tme won hi he fjuite 
liracttcahle. Certain hlcnds of aviiition gasoline iiermit Ciimpression ratios 
of six tr> one and a niimher of the newer engines use that ratio. 

Effect of Increasing Compression Ratio.—In h'ig. .17 are shown theo¬ 
retical itulicalor diagrams for eyhinlers with Cimijiression ratio.s of 4..S and 
7 respectively. 'I'he corners have not heeii taken off, as they would he in 
ail actual di.igratn. In’caiise the eiTcct on the areas of the two diagrams 
would he the same, aiul only comparative results are aimed at here. The 
energy in fl.-Ih. rcj»resented hy each diagram is given hy the c<iuation 

DP. r’^ —r 

W=-.- (a—1) -. 

3.6 r — 1 

where D i.s the pistrm cli.sjdacenient in cii?»ic inches; a the ratio of pressure 
nmltitdjcatiiMi on ignition; ]\ the initial pressure In the cylinder at the 
heginniiig of the coinpressum stroke, aw! r the c«mipression ratio. Plac¬ 
ing P, at 12 Ih. p s«j. in. ahs<»lute and a at 4.25. wc get f<»r the energy 
developed per charge with a ctmipression ratio of 4 5 

DX 12 7.006 — 4.5 

W =-X (4.25 — 1) X-“ 10.82 D X 0.733 =s 7.93 D ft.-lb. 

3.6 4.5 — 1 

Similarly. fc»r a rompressiim ratio of 7 wc get 

D X 12 12.55 — 7 

W =-(4.25 — 1) X—-10.821) X 0.925 = 10.00 D ft.-lh. 

3.6 7—1 

These figures indicate a gain oi 26 per cent in cnergt* per charge and hence, 
since the amount of fuel taken in per charge is the same, an increase in the 
thermal efi'icicncy of 26 per cent. 'J'hat the figure arrived at hy this method 
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is not the same as that arrived at by the former method is evidently due 
to the fact that llic e<juatton for the air-cycle efficiency does not take ac¬ 
count of the energy consumed in compression. 

The above figures given by Mr.’ Ilcldt apply directly to the gain in 
indicated energy, and the relation of the indicated horsepowers would 
be ibc same. Although the gas pressures arc somewhat higher with the 
higher compression, il^crc is no reason for expecting a material increase 
in (he fricUoti lossc.s. fn fact, it is quite rea.s<»nable to assume that the 
fricliun losses will be snlistantinlly the same in both cases. To obtain the 
brakc-horsei)ovvcrs we would Ihcrchjre have to subtract the same figure 
from the two indicated horsepowers and it is obvwms that the pnq)or- 
tional gain in brake-horsepower would l»e greater than the gain in indicated 
horsepower. It would iherch^re appear that an Increase in brakc-horse- 
power of from to iS per cent would result from an increase in the com¬ 
pression rali<f friun 4.5 lo 7. an<] since the fuel consumption w'oiild remain 
the same, the brake thunnal eflicicncy would iucreasc in the same propor¬ 
tion. 
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Pig. Sa.—DUfram Showing Action of Double Piiton Engine with Inlet and Expansion 
Strokes Longer Than the Exhaust and Compreaaion Strokes. 

Use of Long Expansion Stroke.^The other nicth<Kl n{ increasing the 
expansi<in ratio described by Mr. Ileldt is In* conliiuiiiig the expansion 
beyond the volume which the charge occupied when at atmospheric ])res- 
sure previous to compression. In the early days of the gas-engine. Atkin¬ 
son invented a compound crank mechani.stn whereby the pi slim would per¬ 
form alternately two long and two short strokes, the expansion and exhaust 
strokes being long and the inlet and coin]>ression strokes short. The idea 
was, of course, to expand the gasc.s more nearly lo atmospheric pressure 
and thus utilize the power remaining in them in the ordinary engine when 
the exhaust valve is lifted and they are allowed to escape to the atmos¬ 
phere. 

This idea of increasing the expansion by using unequal inlet and ex¬ 
pansion strokes has been revived at intervals, and quite recently the design 
shown in Fig. 38 was patented in England. Use is made of two pistons 
in each cylinder, each piston being connected to its own crankshaft. The 
two crankshafts are connected by gearing in such a manner that the upper 



VALUE OF INDICATOR CARDS 


109 


one or B crankshaft rotates at half the speed of the lower one desi^^nated as 
crankshaft A. During the inlet stroke the two ]>istons move In the same 
direction, but, one crank turning^ twice as fast as the other, the lower piston 
moves much more rapidly than the upper one and the distance l)eiween 
them increases thou*th both are moving in the same direction. During 
the following compression stroke the two pistons nuive again in the same 
direction (in the opposite direction as during the inlet stroke), and thus 
the relative motion between them is small. Then follows the power stroke, 
during which the slow u]>pcr jnston continues to nxwe upward while the 
faster lower pist<m now moves <h»wiiward. At the end of the |>owor stroke 
both pistems arc in ibcir extreme fiosilions. while at the )>cginning of this 
stroke the lower piston is at the tup end of its stroke while the upper piston 
is at midstrokc. Hence the elTective stn»kc or expansion movement is equal 
to the full stroke of the lower «»r tnsloii A plus one-hulf the stroke of the 
upper piston B. 



Fig. 39.—Indicator Card of Pour«Cycl< Engine Showing Fresture Variation at Varioua 

Points of the Otto Cycle. 

The reader will realize, hy studying the diagram at Fig. .38 that the 
type of engine depicted there would l>e undesirable for aircraft purposes 
because it has greater mechanical cumplicatiou than is {<mnd in the simple 
engines. Its \Yeight-liorso|H>\Ycr ratio would not be favorable and even 
though there was a substantial gain in efBclency, it would not balance the 
added weight and coin|>lication of the design that j>ermittcd greater ex¬ 
pansion of the expIcKled gas on the expluskm stroke. It is also doubtful 
if such an engine could Im? run at the high ojwrating speeds required in 
aircraft work so the design would seem limited to stationary applications 
rather than automotive uses. The use of twice as many reciprocating parts 
would call for niceties of balance that greatly reduce the possibilities of 
commercially utilizing such designs. 

Value of Indicator Cards.—To the uninitiated, indicator card.** are con¬ 
siderable of a mystery; to those capable of reading them they form an index 
relative to the action of any engine. An indicator card, such as shown 
at Fig. 39 is merely a graphical representation of the various pressures 
existing in the cylinder for different positions of the piston. The length 
is to some scale that represents the stroke of the piston. During the intake 



no 


MODICKN AVIATION ENGINES 


stroke, the pressure falls below the <itmc>spheric line. During? entnpression, 
I he curve irrH^huilly becrMues hi|rher owin>; t<» iurreasin^; ])ressure as the 
voUiiue is rr*hu*etl. After ittniliou the pressure line moves upward almost 
straifjht. then as llic pislini jjoes down on the exjjlosion stroke, the ])reRstire 
falls gradually to the point of exhaust valve <»t»cniug. when the sudden 
release of the imiirisiuied gas causes a reduclum in pressure to nearly 
atmospheric. An uuliealtjr card, or a scries of them, will always show by 
its linos the norntal or defective c<»ndition of the inlet valve aud passages; 
the actual line of coiujiression; the firing inomeut; the pressure of cx]d<>- 
sion; the velocity of combustion; tbe normal or defective line of expansion, 
as measiire<l by the adiabatic curve, and the norm a I or defective operation 
of the exhaust valve, exhaust passages, and exhaust pipe. In fact, all the 
cycles <»f an explosive motor may l>c made a practical study from a close 
investigation of the lines of an indicator card. 



Fig. 40.~Indicator Card of Diesel Motor. 


A most uuir[uc card is that of the Diesel motor fJ’ig. 40), which involves 
a distinct tiriiiciplc in the ticsign and operation of internabcoinhustinn 
motors, in that instead of takitig a mixed <»r carbureted charge for instan¬ 
taneous cxjiloslon, its charge t»Tiiuarily is of air and its comjiression to a 
pressure at which a temperature is attained aln^ve the igniting point of the 
fuel, then iiijecimg the fuel innler a still higher pressure by vvlilrh sjjon- 
taiicons coiiibnslioii lakes place gradually with increasing v<»lnme over the 
coinjircssiem for part <d the stroke or until tbe fuel charge is consumed. 
The motor thus operating between the ]>rcssnres <»f .'WXl aud Ihs. per 
square inch, with a clearance of about seven jier cent, has given an efficiency 
of ,36 per cent of the total beat value t»f fuel oil. 'riie action ai such en¬ 
gines in their various forms has been fully considered in preceding chapters. 

Value of Compression in Explosive Motors.—That the compression in 
a gas-, gasoline*, or <»il-cnginc has a direct relation to the power obtained, 
has been long kimvvn to experienced engine designers and builders, having 
been suggested by M. Ecau de R(icha. in 1862, and afterward brought into 
practical use iu the four-cycle or Otto type as early as 1880 which indicates 
that some of the opernimg facuus of «mr mo<1ern automotive engines 
were realized practically fifty years ago. This is twice the life span of the 
airplane that the internal-cnmbustiou engine made possible. The degree 
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of compressiun has had a growth from zero, in the early engines, to the 
highest available due to the varying ignition teiiipcftaturcs o{ the difTcrent 
gases and vaptirs used for explosive fuel, in order to avoid premature 
explosion from the heal of compression. Much of the increased power for 
equal-cylinder capacity is due to compression of the charge from the fact 
that the most |H)\vcrful cxph»sion of gases, or of any form of explosive 
material, takes place when the particles are in the closest contact or cohe¬ 
sion with one another, less energy in this form being consumed by the 
ingredients thein.scives ti> hnng aiHUit their chemical c<unhination, and con¬ 
sequently more energy is given out in useful or available work. This is 
host shown by the igintioii of guntiowder, which, when ignited in the open 
air, burns ratmlly. hiit without explosion, an explosion only taking place if 
the powder be confiuud or compressed into a small space. 



Pig. 41.—Diagrams Showing Heat in Gas-Engine Cylinder Obtained by the Combus¬ 
tion of Various Gas and Air Mixtures. 

In a gas- or gasoline-motor with a small clearance or compression space 
—with high compression—the surface with which the burning gases come 
into contact is much smaller in comparison willi the compression space in 
a low-compression mtUor. Another advantage of a high-rompression motor 
is that on account of the smaller clearance of combustion space less cooling 
water is required than w'ith a low-compression motor, as the temperature, 
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and consequently the pressure, falls more rapidly. The loss of heat through 
the water*jacket is thus less in the case of a high-compression than in that 
of a low-compression motor. In the noncompression type of motor the 
best results were obtained with a charge of sixteen to eighteen parts of gas 
and 100 parts of air, while in the compression type the best results are ob* 
tained with an explosive mixture of seven to ten parts of gas and 100 parts 
of air, thus showing that by the utilization of compression a weaker charge 
with a greater thermal efficiency is permissible. 

It has been found that the explosive pressure resulting from the ignition 
of the charge of gas or gasoline-vapor and air in the gas-engine cylinder is 
about four and one-half times the pressure prior to ignition. The difficulty 
about getting high compression is that if the pressure is loo high the charge 
is likely to ignite prematurely, as compression always results in increased 
temperature. The cylinder may become b>o hot. a <leposit of carbon, a 
projecting electrode or t>ltig body in the cylinder may become incandescent 
and ignite the charge which has been excessively brated by the high com¬ 
pression and mixture of the hot gases of the previous explosion. 

Factors Limiting Compression.—With ordinar)* gasoline-vapor and air 
the compression should not be raise<l above alxmt to 95 pounds to the 
square inch, many niamifaettirers not going above 70t>r 80 jHnimls. though 
this figure may be greatly augmented by using ctliyl-gasoliuc or even 
benzol-gasobnc blends which jirodnce aiili-knock fuels, as previously out¬ 
lined, the chart at Fig. 37 simwing that pressures of 150 |K)umls are possible 
prior to ignition. For natural gas in .stationary engines the coni])ression 
pressure may easily he raised to fr<Mn 85 to 1(K) pouncis per s(|uarc inch. 
For gases of low calorific value, such as hlast-furnace or producer-gas, the 
compression may he increased to from 140 to 190 jsnuuls. In fact the 
ability to raise the compression to a high ju»int with these gases is one of 
the princii>al reasons for their successful adoption for large gas-engine use. 
In kerosene injection engine.s the compression of 250 pounds per square 
inch has been used with marked wmtnny. Many tnjuldcs in regard to loss 
of power and increase of fuel have occurred and will no douht continue, 
owing to the wear of valves, piston, and cylinder, which ifroduces a loss in 
compression and explosive pressure and a waste of fuel hy leakage. Faulty 
adjustment of valve movement is also a cause of loss of powder: which may 
be fr<nu tardy closing of the inlet valve or a Umi early otiening of the 
exhaust valve. The exjdosivc pressure in all fonn.s of iulernul-c<nuhustion 
engines varies to a considerable amount in ])ropurtion to the compression 
pressure hy the dilTerencc in fuel value and the pr(qu)rlions of air mixtures, 
so that for good illuminating gas the explosive pressure may he from 2.S 
to 4 times the compressiuii pressure. For natural gas 3 to 4.5, for gasoline 
3 to S. for pro<lucer-ga$ 2 to 3, for kerosene by injection 3 to 6, and for 
ethyl-gasoline from 4 to 6. 

The compression temperatures, although well known and easily com¬ 
puted from a know n normal temperature of the explosive mixture, are sub¬ 
ject to the effect of the uncertain tcmj)erature of the gases of the previous 
explosion remaining in the cylinder, the temperature of its walls, and the 
relative volume of the charge, whether full or scant; which are terms too 
variable to make any computations reliable or available. For the theoreti- 
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cal compression temperatures from a known normal temperature* we ap¬ 
pend a study of the rise in temperature for the compression pressures in 
the following; table: 


TABLE IV 

Compression Temperainrcs from a Normal Temperature of <i0 Decrees Fahrenheit 


100 lbs. Range. 4R4 

QO lbs. gauge. 45«> 

SO lbs. gauge. 4.L1 

70 Ihs. gauge.404 


00 Ihs. gauge. 373 

50 Ihs. gauge. 330 

40 Ihs. gauge..... 301 

30 ))«. gauge. 25R 


Chart lor Determining Compression Pressures.—A very useful chart 
42) for determining compression pressures in pasoline-euginc cylin¬ 
ders for various ratios of compression space to total cylinder volume is 
piven l>y P. S. Tice, and <[escril»ed in the Chilton Automobile Directory by 
the originator as follows: 

'Tt is many times desirable to have at hand a convenient means for 
at once determining; with accuracy what the compre.ssion pressure will be 
tn a f^asoline-en^iue cylinder, the relationship between the volume of the 
compression spare and the total cylinder volume or that swept by the piston 
being know'n. The curve at Fig. 42 is offered as such a means. It Is based 
on empirical data gathered from upward of two dozen modern automobile 
engines and represents what may be taken to 1>c the results as found in 
firaclicc. It is u.*«i!al for the <lesigMer to find compression pressure values, 
knowing the volumes from the ecpiation 



which IS for adiabatic compression of air. Ecjnation (1) is right enough 
in general form but gives results which are entirely too high, as almost all 
designers know from experience. The tnmble lies in the interchange of 
heat between the compressetl gases and the cylinder walls, in the diminu¬ 
tion of the exponent (1.4 in the above) due to the lesser ratio of specific 
heat of gasoline va)>or and in the transfer of heat from the gases which are 
being compres.sed to whatever fuel may enter the cylinder in an unvapor¬ 
ized condition. Also, there i.s always some piston leakage, and. if the form 
of the e<|uation (1) is to he retained, this also tcn<]s to lower the value of 
the exponent. From experience with many engines, it appears that compres¬ 
sion reaches its highest value in the cylinder for hut a short range of motor 
speeds, tisually <]iiring the mid-rangc. Also, it appears that, at those speeds 
at which compression .shows ii.s highest value.s, the initial pressure at the 
start of the compression stroke is from .5 to .9 lb. l^elow atmospheric. Tak¬ 
ing this latter loss value, which .shows more often than those of Ic.sscr value, 
the compression is seen to start from an initial pressure of 13.9 lbs. per 
sq. in. absolute. 

“Also, experiment shows that if the exponent be given the value 1.26, 
instead of 1.4, the equation will embrace all heat losses in the compressed 
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jjas, and compensate for the chanRcd ratio of specific heats for the mixture 
and also for all piston leakagfp, in the average engine with rings in good 
condition and tight. In the light of the foregoing, and in view of results 
ol)tainc<l from its use, the above curve is offered—values of 1\ being found 
from the equation 




using this curve it must he rememUerod that pressures are absolute. 
Thus: sup|H»se it is desired t<i know the volumetric rclationshi])s of the 
cylinder for a cmnpre.sskni pressure of 75 lbs. gauge. Add atmosplicric 
pre.ssurc to (he <lesired g:uigc j*ressnre 14.7 + 75^8^)7 lbs. al>solute. 
Locate this pressure on llic scale i»f orthualcs and follow horizontally across 





• • •!:• tfcift:♦ titt* till—..' 'I • 

i !^ihair-i ! ininiiiii 






. Ill It 11 111 



4lbb 

til !|( I 




»l * 

...tlfllii 


UJIMIltnUTts!n**iiiiVit:nil 

t:i::ti:i111::I 


:u;.si:ilt:;|: 


txisil.e::: 


mil 
. nail I 

;t;; u rtt tnrns:;; 


ijllilliillimiiillilHlljlltiijiiilihii!!;" 


HfniHl'bdllthlf 


;4imt ;f: 


!2itMU( 






II11 










;c fii 

*ix 

k J li I I * 1^11 I 

IMII III 


'lliiiiiiiiiilllliiiiiiiiii'ilrri 

;r:: 



iiiiill!!!!* 


I 9 9 10 9 4 . t 

vQttmt « ca »« ss ^# t^rwfnL 9ruf90€m99i^me 


Fig. 42.—Chart Showing Relation Between Compression Volume Explained in Fraction 
of Total Cylinder Volume and Pressure in Pounds per Square Inch Absolute. 


to the curve and then vertically downward to the scale of abscissas, where 
the ratio of the comlmslion chamber volume to the total cylinder volume is 
given, which latter i.s equal to the sum i»f the combustion chamber volume 
and that of the piston sweep. In the above case it is found lliat the combus* 
tion space for a compression ]>ressure uf 75 lbs. gauge wilt be .225 of the 
total cylinder volume, or .225 775 = .2905 of the piston sweep volume. 

Conversely, knowing the volumetric ratios, compression pressure can be 
read directly by proceeding from tbe scale of abscissas vertically to the 
curve and thence horizontally to the scale of ordinates.” 
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Causes of Heat Loss in Motors.—The difference realized in the practical 
operation of an internaLcomhustion heat engine from the computed effect 
derived from the values of the explosive elements is probably the most 
serious difficulty that engineers have encountered in their endeavors to 
arrive at a rational conclusion as to where the losses were located, and the 
ways and means of design that would eliminate the causes of loss and 
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Pig. 43.«Part Sectional View of an Early Airplane Motor of HalbScott Design Show* 

inf Principal Parti and Combustion*Chamber Form. 
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raise the efficiency step by step to a reasonable percentage of the total ef¬ 
ficiency of a perfect cycle. An authority on the relative condition of the 
chemical elements under combustion in closed cylinders attributes the 
variation of temperature shown in the fall of the expansion curve, and the 
suppres.sion or retarded evolution of heat, entirely to the cooling action of 
the cylinder walls, and to this nearly all the phenomena hitherto obscure 
in the cylinder of a ga.s-engiuc. Others attribute the great difference be¬ 
tween the theoretical temperature of combustion and the actual tempera¬ 
ture realized in the practical operation of the gas-engine, a loss of more 
than one-half of the total heat energy of the combustibles, partly to the 
dissociation of the elements of combustion at extremely high temperatures 
and their rcassc^ciatiou by expansion in the cylinder, to account for the sup¬ 
posed continued combustion and extra adiabatic curve of the expansion line 
on the indicator card, 



Figa 44 and 4S.««Diigram Showing Spherical Combuation-Chunber at Left and 

Greatly Enlarged Combuacion>Chamber at Right, 

Combustion Chamber Form Important.^The loss c;f heat to the walls 
of the cylinder, piston, and clearance space, as reganls the proportion of 
wall surface to the volume, has gradually brought this point to its smallest 
ratio in the concave piston-head and globular cylimlcr-head, with the small¬ 
est possible space in the inlet ami exhaust passage. The Mall surface of 
a cylindrical clearance space or combustion chamber of one-half its unit 
diameter in length is etpia! to .T1416 square units, its volume but 0.3927 of 
a cubic unit: while the same wall surface in a spherical form has a volume 
of 0.5236 of a cubic unit. It will be readily seen that the volume is increased 
33V5 per cent in a .spherical over a cylindrical binn for equal wall surfaces 
at the nnnnent of explosion, when it is desirable that the greatest amount 
of heal is generated, and carrying with it the greatest j>ussible pressure 
from which the ex]>ausion takes place by the im>vcmcnl of llte piston. 

The s])hcricnl form cannot continue during the stroke for mechanical 
reasons; therefore some proportion of piston stroke of cylinder volume 
must be found to corrcs|H>nd M'ith a spherical form of the comhu.stion 
chamber to produce the least los.s of heat through the walls <lunng the com¬ 
bustion and expansion part of the stroke. This idea is illustrated in Figs. 
44 and 45, sliowijig how the relative volumes of cylinder stroke and com¬ 
bustion chamber may be varied to suit the requirements due to the quality 
of the elements of combustion. 

Although the concave piston-head shows economy in regard to the re¬ 
lation of the clearance volume to the wall area at the moment of explosive 
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combustion, it may be clearly seen that its concaWty increases its surface 
area and its capacity for absorbing beat, for which there is no provision for 
cooling the piston, save its contact with the walls of the cylinder and the 
slight air cooling of its back by its reciprocal motion. For this reason the 
concave piston •head has not been generally adopted and tbe concave 
cylinder-bead. as shown in Fig. 4.^. with a flat pislon^head is the latest and 
best practice in airplane engine construction. The practical application of 
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Flff. 46.~S4rly Mercedes Aviation Engine Cylinder Section Showing Approximately 
Spherical Combustion^ Chamber and Concave Piston Top. 
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the principle just outliTie<l lo one of the most efficient water-cooled airplane 
motors ever designed, the Mcrrc<Ies. is clearly outlined at Eip. 46, It will 
l>c cviclnil that practical erinsicloraiirms <t( valve size and lor«iti(Hi make a 
really splicriral head <ltf1icii]l to realize in practice ami rather favor the 
roof hear] as will lie considered later. 

Heat Losses to Cooling Water.—The mean temperature of the wall sur¬ 
face of the cnmliuslion chamher and cvlimlcr. as indicated by the tem- 
])cral«rc.s the circulaiinir water, has been found to be an important item 
in the ccrmoniy of the gas-cnj'nie. Dn^ald Clerk, in Enp^land. an early and 
hiphly rcpardctl authority in t>raclical work with the pas-enpine. found that 
ten ])er cent of the pas for a stated amount of p<iwer was saved hy usinp 
water at a temperature in which the ejected water from the cylitulcr-jackel 
was near the hoiliiip |Miint,*an<l ventnre.s the opinitm that a still hipher tem- 
])erature for the circtilaluip water may he used as a .source of economy. 
This principle is mmle use by present day a<lvocates of steam cooliiip 
an<l idso is (pioled hy projHments of air-cooled enpines. This could he made 
pmclicul in the case of aviation enpines by adjuslinp the air-cooliiip surface 
of the rarliator so ns to mainlam the inlet water at jnst below tbe boilinp 
point, ami hy the rapi<l circulation imluced by the t>ump jiressure. to return 
the water from the cylinder-jacket a few de^rec.s alMi\c the boilinp point, 
The thermal dis|jlacenicnt systems of cooliiip einjdoyed in automobile en¬ 
gines result in llioir \\<irkinp under nu>re favorable lem|>eratnre conditions 
than those enpines in which ciwdinp is more enerpclic. C*arc must be taken, 
how'Cvcr, ti* keep the iiiaNiininn temperalnre of the jacket water enouph 
below boilinp point at sea level .so it will not b<dl away at altiimlos where 
the boilinp point become.s lower than at sea level. Water outlet tciTi])era- 
ture is usually 1811 lo \90 deprees Eahrcnhcil at sea level. 

For a given aiuouiit of heat taken from the cylimler by the largest 
volume circulatinp water, the diJTereiicc in tcn)j)crature between inlet 
and outlet of the water-jacket should he the least ]Missible. and this condi¬ 
tion of the water circuinhon pives a more even temperature to all parts of 
the cylinder; while, on the ccmlrary, a cold-water snjijdy, say at fiO* F., 
so slow as lo alloNV the ejecicd water to flow off at a leiiij)eratnre near the 
boilinp point, iniisi make a preal ditYercncc in temperalnre between the 
bottom and top of the cylinder, with a lo.ss in economy in pas and other 
fuels, a.s well as in w'ulcr. if it is ohtaitied by nieosnrcmcnl. 

From the forcp<»tnp consiilerutions of losses and incfficiencic.s, we find 
that the practice in aircraft motor dcsipn and coiisiniclion has not yet 
reaclio<! the dcsire<l jicrfcction in its cycnlar oj>cratioii. Step by step im- 
provcmcnls have been ma<lc with many changes in desipn thoupdi many 
have been without merit as an iin]>ro\emcnt. farther than to pratify the 
lonpdnps of desipiicrs for somethiiip <li(Terenl from the other thing, and to 
establish a special construction of their own. These efforts may in time 
pr(»duce a motor of normal or standard design for each kind of fuel that 
will give the highest possible efficiency for all conditions of service. 

Horsepower Increase by Higher Speeds.-^In automobile racing applica¬ 
tions, increasing the speed has been a comparatively easy way of securing 
more power out of a given displacement, the horsc])ower being theoretically 
proportional to the sjieed (that is, the numher of revolutions). Of course 
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a certain amount of ingeiuhty has ha<l to he used and considerable work 
done to get engines to run at the present high speeds. Co!. W. G. Wall 
has statc<l that in 1912 the Indiana]>olis SOCVmile race was won by a car 
with an engine of 490 cu. in. displacement, which turned over at a maximum 
speed of about 2200 r.p.m. The fast cars in the 1927 race had a piston dis* 
]>lacement i»f 91 cu. in., less than one-fifth the sir.e of the larger one, with 
a maximum engine speed of ahout 7..'i00 r.p.m. The former engine devel¬ 
oped about 100 hp. maximum, or about 0.^)4 hp. per cu. in. displacement, 
while the latter developed KjO hp. or more, or ahout 1.75 hp. per cu. in. 
displacement. 



Comp4riwn showing great diUerence in st 2 e of 
valves and valve springs used in 1912 and 1927 
cars at Indianapolis race 
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engine 
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Comparison ol connecting 
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Fig. 47.—Diagram Showing Compariton Between Sire of Parts of Low«Spced Large 
Displacement Engines Compared to Equivalent Parts of High-Speed Small Displace¬ 
ment Engines. Showing How Weight per Horsepower can be Reduced by Increasing 
Crankshaft Revolutions and Diminishing Cylinder Contents. 

Less than fifteen years ago 3.000 r.p.m. for an engine was considered 
extremely high sj>cecl and many engineers thought even that spcc<l was too 
fast for an engine to withstand. I'oday there are a numher of passenger 
car engines that will turn up to 4.500 r.p.m., and racing car engines do up 
to 8.000 r.p.m. Crdoncl Wall stated that a certain foreign manufacturer has 
developed a rcci]irocaling engine which titrn.s over at 11,000 r.p.m. It thus 
seems that the limit of s|>eed may be very much higher than wc today can 
well imagine. There i.s a practical limil, however, lo all engine speed and 
it has been necessary, in order to make the rcciprocaOiig parts sufficiently 
light, to make the bore of tbe cylinders smaller and the pistiUis lighter. 
Alloy steels and aluminntn alloys have played aii import aid part tn this 
work, especially atumimim pistons and in some casts forge<l duralumin 
connecting rods. 

It has been necessary to develop high pressure* oiling systems, lo liibri* 
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cate not only the bearini^s which are revolving so fast, but also the cyJin* 
ders, so as to cut down the great amount of friction there would otherwise 
be as we must remember that the pistons arc traveling through the bore 
of the cylinders in these high-speed engines at the rate of about a mile a 
minute. 

Supercharger Makes High Speed Possible.—The high-speed engine of 
today is due largely to the sui)erchargcr. In order to run up speed, it Is 
absolutely ncctssary to cut dttwn the weight of the reciprocating parts. 
One of the easiest ways of doing this Is to cut down the bore of the cylin¬ 
ders, but this al.'^o means that the size of the valves had to be cut dowh, 
so that there was a ]H)int reached in sjieed where it sectued imi>ussible to 
fill the cyliinlcrs willi gas. Therefore, the volumetric efficiency dropped. 
This has been remedied to a great extent by the u.'^o of the su|>crcharger. 
forcing the gas into the cylinders. The supercharger for racing car and* 
airplane engines is having a great amount of dcvcictjnuent work done on it. 
Most of this is on the ceiUrifugal type, which is generally geared to the 
engine with a ratio of ulniut Ay» to 1, thus luakiug'tlic suiiercharger revolve 
oil an engine nnuiing at 8.UK1 r.p.in. at a speed of 36.000 r.p.ni.^some of 
them as a matter of fact o]>crate (aster than this. 

Most of the.se high-speed racing iiigincs have eight cylinders. This has 
hcl[)cd some, for i>y iiicrea.sing the number of cylinders it has allowed the 
bore to be made smaller and has assisted in cutting down the weight of 
the ]>istons and other reciprocating parts. The 1912 SOOmile winner at 
lndiana]H>]is had f<nir cylinders with a 1>orc of five inchesi wdiereas the 
modern s])eed creations have eight cylinders with a bore of Httle more 
than two inches. 

The ignition fur a time was the limiting factor in engine s]>eed. but this 
has been developed to such an extent that it is now keeping pace with the 
other <levek»pments. An ciglil-cylinder engine turning over 8,000 r.p.m. 
would have to have 32.000 sparks per minute, or if two sparkplugs per 
cylinder were use<l 64.000 sparks per minute, which is a great number 
for any magneto or battery system. 

Before the advent of the supercharger for racing car engines, difficulty 
was ex]»ericnccd in gelling proper carburetion. and some eight-cylinder 
engines had as many as eight carburetors on them, one for each cylinder. 
The u.sc of the .snperdiarger changetl this, for not only does it compress 
the chargee and mix it. but distributes it so well to the different cylinders 
that now one, or at most t>vo, carburetors are used. 

Factors Limiting Aero-Engine Speed4—The limiting factor to the re¬ 
duction of displacement as well as to the s^wed of airplane engines is un¬ 
doubtedly the loss or reduction of propeller efficiency at high speeds. This 
means that very-high-speed engines must drive geared down propellers, 
which always involves added weight and loss of power in the reduction 
gearing, while speeds of engines driving the propeller at crankshaft speed 
arc, of course, limited by the air screw. Modern engines have been designed 
that will turn directly connected propellers al 2,200 to 2,400 r.p.m. when 
used in pursuit plane work, Ordinarily, speeds range from 1,400 to 1,800 
r.p.m. to secure best air-screw efficiency. 
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QUESTIONS FOR REVIEW 

1. Name some Important factors influencing engine efRclency. 

2. Define theoretfcal cfTiciency: actual heat efficiency. 

3. What is mechanical efficiency of an engine? 

4. Outline heat distribution values In high-speed engines. 

5. What Is the heat loss in wall cooling? 

6. Name easiest method of improving engine performance. 

7. What is the effect of compression increase on power developed? 

8. What value has an indicator card? 

9. How do cards of gasoline and Diesel engines differ? 

10. What are the factors limiting compression of charge prior to ignition? 
n. What is the most efficient form of comimstion-chamber? 

12. What effect does high speed have on engine power? 

13. Why do racing autnnioliiles use much faster engines than aircraft? 

14. Does supercharging make higher speeds pussihle? 

15. Whai is preignition? 
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TESTING AND MEASURING ENGINE POWER 

Meaiuring Heat Engine Efficiency-^InAuence and Nature of Detonation-^The Indi« 
cator and ita Work—Manograph and Its Use—High Speed Engine Indicators— 
Operation of Micro*Indicator—Optical Indicators—Sampling Valve Indicator- 
Carbon ^le Rheostat Indicator—Indicator Cards Useful—Determination of 
Engine Power—Indicated Horsepower—Horsepower Computations—Engine Test- 
ing Methods—How Power Curves Are Made—Simple Fan Dynamometer—Elec¬ 
trical Dynamometers for Motor Testing—Water Brakes and Other Tests. The 
Proude Dynamometer Type D.P.X.—Torque Meters—Testing Aircraft Engines— 
Heenan-Fell Air Brake Dynamometers—S. A.E. Engine Testing Procedure—Metric 
Conversion Tables. 

Measuring Heat Engine Efficiency.—Xfr. Harry K. Kicanl*). in a series 
of leclnrcR deliveretl al College. hoiMlon. and reported in the /lufo- 

woh//t' /inf/littrr, states that he l)olic\e.s iliai the eftieiency of internal coin- 
Imstioii eiiifincs is best measured l^y air eoiisumptioii rather than 
eonsidoring heat value of fuel siipjdicd. The cflicienev of the tnlcrnal- 
couihiislion engine, unlike that r>f the steam-engine, <loes not increase with 
size. It may he of interest to slate that though gas-engines are built in 
sizes ranging U]i to over .^0 in. eylimlcr diamelcr. yet the hlgdiest cfTicicncy 
so far recorded has actually been ohtatned with a gas-engine of only 
in. cylimlor dianicler or I Hire. It is well to keep in minrl that in the con¬ 
stant volume type of TUtcrnal-comlnisttoii engine, air is the true w<irkiug 

inedinin. Unless the air he fnllv or almost fnllv saturated with fuel the 

« • 

latter will not burn with suflUienl rapi<hty while if there l»e an excess of 
fuel present it elTecls the lemjicraiure Iml little, since it is. of ronrse, the 
amount of oxygen present, rather than of fuel, which c<mtrols the tempera* 
ture. In other words, neither change of inixUire strength luir of throttle 
opening can influence the flame temperature, an<l, therefore, the efficiency 
to any appreciable extent. For a inaxininm flame temperature of 2..^(X) deg. 
C. the ifleal limiting thenual cdiciency of the cycle may he taken as apjiroxi- 
malely SO jicr cent <if the air cycle eihrieucy. On account, however, of the 
influence of dissociatum. which is alTciied hy iiressure as well a.s hy tern* 
pcralnre, the true ideal eflicienev approaches rather more nearly to the air 
cycle as the compression ratio increase.^. 

IJcfore proceeding furl her. it will he well to emjihasize what is here 
meant f>y the much ahu.sed term “efficiency.** It is customary to reckon 
the efficiency of any heal engine from the heat value of the fuel sujiplied, 
and since it is the fuel alone, and not the air, which is <if commercial value, 
this is, of course, the jirnctical a.spect. In the cases of the coiisiaut volume 
intemal-conilnistion engine, and more especially when it is using a liquid 
fuel, a much more accurale detcrniinaliun of the true efficiency can, how¬ 
ever, be obtained from the consumption of air, since every pound of air 
will, by the combination of its oxygen with the fuel, liberate a definite 
amount of heat, whether it be saturated or sn]>er-saturated with fuel. 

This is of more than academic interest for the air consumption of an 
engine is a true indication of its efficiency as a heat engine, while the fuel 
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consumplirm may intlicate nicrdy a waste of fuel ihronj^h no fault of the 
ciifiine. When llie loaf! on an engine is reduced hy throttling it can !>c 
shown that so long as the mixture is constant, the indicated thermal ci^i- 
cicncy remains the same as at full load. The i«jjnilar Iwlief that the 
inherent efilciency is less al reduced loads «>wing to reduced coinpression 
IS <|uile incorrect for the ratio 1 h»iIi of compressitm and c.\])ansion is unal¬ 
tered. It should remain iiiclcpcn<lenl of load and in practice it docs so 
remain except fur a very slight increase in relative heal h»ss (provided 
that the inixlnrc is the s:inie ami the Ignilion pri»tierly timed). The elTi- 
ciency reckoned on the hrakc-horsepowcr will fall as the )o;ul is reduced 
owing to the larger pro]Portion which the mechanical hisses hear to the 
total indicated power. The efTiciency of any iniernal-comhustion engine 
dej^cmis upon the exj^nnsion ratio cm|dnycd. the flame tCTnt>erntnre. and the 
loss of heat lo the cylmder walls, although this lias notliing like llic iiiiln* 
ence g<’iierally allrihiUed \it it. 

Influence and Nature of Detonation.—When a coinhustihic mixture of 


fuel and air Is ignited, a uuclens of flame huilds up with a rapid accelera- 
turn outwards from the |><unt of igiulion. If its rate of ilevelopmcnt e.scceds 
a certain critical sjjce<l a ilelonatioii wave will he set up. 'riiis wave will 
pass thnmgli the nilxlnrc at a \e!ocitv many lniinlre<l limes the normal 
s)>eed of acceleration. On striking the cylinder walls the imiiact of this 
wave w ill gove rise t<» a sliarji ringing knock and hy coinjiressing anew the 
already hiirnl products, will still further raise their tein]»eratnre until they 
hcconic incande.scent and actually ignite the mixture lieforc the comjdction 
nf the cnmpre.sston 8lr<»kc. 

Until recently il w'as always coussi^lcrcd that <leUmatioii occurred only 
when the mixture was raised it» a tcinperntlire in excess of its sc»-called 
i gnu lit MI temjKTatiirc. It is knowm now* that this i.s hy no means necessarily 
the ra.sc aiul that there is no such thing as a definite self'ignili<in tempera¬ 
ture m the generally accejiled sense. From experimental results Tizard 
has shown that detonation w ill he set up when the rate of evolution of 
heal exceeds the rate at which it can he dis|Kised of to the cylinder walls. 
Whether llie rate evohilion of heal w'ill he sufherent to cause dct(Miati<m 


<lepends upon the chemical coin|K»silion and the **.selfdpiilion tempera¬ 
ture’* of the fuel, the temperature of the flame, the temperature of the 
containing walks, the absolute distance the (lame ha.s to travel before it 
imsscs through the mixture, and the temperature and pressure before 
ignition. 

J lic highc.st ex|>aii.si<»n ratio that can Ik enijdfiyed is governed by three 
factors, viz., the temlency of the fuel to dctimalc. the surface-volume r«ilio 
(which must he ke|d small), and the maximum peak pressure <allowable. 
When dealing with fuels which detonate readily, such as gasoline, the 
designer is restricted hy the fnel to the use of a compression ratio lower 
than six to one, and the sale consideration is so to design the compression 
chamber as to permit the highest possible compression ratio to be used 
without detonation. To this end the maximum distance from the spark- 
]>lug to the farthest point in tlie comfmstion chamber mnsi Ik kept as small 
as txissiblc. At the same lime the temperature i»f the surfaces and par¬ 
ticularly those remote from the sparkplug must be kept as low as possible. 
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Detonation depends very largely upon the length of flame travel. It 
will be apparent that the smaller the cylinder the less the tendency to 
detonate and the higher the compression ratio that can be used. Mr. 
Ricardo claims that it is for this reason that most modern racing cars are 
provided with a large number of small cylinders and that power increase 
is best met in aviation engines by increasing the niimlicr of cylinders rather 
than augmenting their size, and using a smaller number. Other engineers 
are in full agrectneni with this idea and practical engines with 24 cylinders 
in X form ore not uncunimon. 





Pig. 46A.~The Thompson Indicator, an Instrument for Determining Compresaien 
and Explosion Pressure Values, and Recording them on a Chart, Swtable for Slow- 

Speed Intemal'CorabttStion Bnginea. 


The Indicator and Its Work.—^The writer has selected from the many 
good indicators in the market one suitable for indicating the work of the 
explosive engine. The Thompson indicator illustrated in Figs. 48 A and 
48 B, is a light and sensitive instrument with absolute rectilinear motion 
of the pencil, with its cylinder and pisUm made of a specially hard alloy 
which prevents the f><>ssibility of surface abrasion and insures a uniform 
frictionless motion of the piston. It is provided with an extra and smaller* 
sized cylinder and piston, suitable with a light spring for testing the suction 




THOMPSOM INDICATOR 


125 


and the exhaust curves of explosive motors, so useful in showing the 
condition and proportion of valve ports. The large piston of the standard 
size is 07^)8 inch in <lianieter and e<jiial to y» square-inch area. 1'he small 
piston is 0.500 inch in diameter and equal to 0.274 square-inch area, so 
that a SO or 60 spring may be used in indicating ex])losive engines with the 
small piston, which will give card.s for low-explosive pressure but full 
enough to show the variations in all the lines. With the 100 spring and 
J/^-inch area of piston 250 poumls pressure is alxiut the limit of the card, 
but with this size piston a 120 or 160 spring is more generally used. 



Pig. 48B.«^«ctional Diagram Showing Interior Parts of Thompson Indicator. 


The pulley V is carried by the swivel W. and works freely in the post 
X; it can l)e locked in any position by the small set screw. The swivel- 
plate Y can l)C swung in any direction in its plane and held firmly by the 
thumivserew Z. Thus with the combination the cord can be directed in all 
possible directions. The link A is made as short as po.ssihic, with long 
double bearings at lx)th ends to give a firm and steady .siipp<irt to the lever 
B, making it less liable to cause irregu lari lies in the diagram when indi¬ 
cating high-speed motors. The pajier drum is made with a closed top to 
preserve its accurate cylindrical form, and the top. having a journal-bearing 
at U in the center, compels a true concentric movement to its surface. The 
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spring E, and the spring-case arc secured to the rod G by screwing the 
case F to a shoulder on G by means of a thumb-screw H. 

To adjust the tension of the drum-spring, the drum can he easily re¬ 
moved, and by holding on to the spring-case K, and loosening screw Hi 
the tension can readily be varic<1 and adaptc<l to any speed, to follow 
precisely the motion of the engine-piston. The l>nrs of the nut I are made 
hollow, So as to insert a sin«alt short rod, K, which is a great convenience 
in unscrewing the indicator when hot. The reducing pulley is a most 
important adjunct <»f the indicator as il is necessary to make the short 
stroke of the indicator proportionate to the longer stroke of the engine- 
pist<»n. Tltc revolving parts sh<»iild be as light as |M)ssiblc and arc now 
made (jf uluminuin fi>r high-speed motors, with pulleys proportioned for 
short-stroke niot<»rs. In the use of iiidicalnrs for high-cotnpression motors 
it is advisalde tc» have a st<»|>-tube inserted in the ca])-piccc that holds the 
spring and extending down and inside the Sjiriug so as to stop the motion 
of the piston at the limit of the pencil motion below the top of the card. 



Pic. 48C.—Quadruple Manograph Apparatui (or Recording the Indicator Diagrama of 
the Individual Cylinders of a Four-Cycle Motor, Bnablee a Cornparieon to be Made 
Between the Various Cylinderi. Tht Pour Gtasi Screens on which the Diagrams are 

Shown Indicated by A, B, C, D. 

Manograph and Its Use—Indicators now in use, such as the Thompson 
were designed originally for application to low-speed gasoline- and steam- 
engines but as the s])ccd of the engine is increased so also do the imperfec¬ 
tions of the indicator become more manifest and in the case of very high¬ 
speed engines these imperfections render the indicator quite useless. The 
principal defect is the number of erT<»rs due to the inertia of the relatively 
large mass of the moving ])arts of the indicator and to the friction of the 
joints and the indicator pencil on the cylinder. It is with a view of sup¬ 
pressing these defects of inertia and friction that the manograph has been 
designed. It is based on the principle of the deviation of a ray of light re¬ 
flected by a mirror. 

The indicating mechanism consists essentially of a mirror fixed at a 
single point and capable of oscillation in two planes. The oscillation in one 
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direction corresponds to the motion of the piston in the engine. The 
oscillations in the other plane depend upon the variations of pressure in 
the cylinder. A ray of light is dirccte<l onto the mirror and is then reflected 
by the mirror on a ground glass s<*rccn at one end of the device on which 
the indicator diagram is seen. On account of the lightness and efficient 
balancing of the mirror, it faithfully rcsjK»nds to every variation oi pressure 
in the engine cylinder even at the highest engine si>eeds. As is true of 
the regular form indicator, it is necessary to transmit the motiem of the 
engine-piston to ihc manogTai)h by a system of rotary gearing and to 
connect it to the interior of the conihuslion chamber by a small water- 
cooled tube. The diagram a|>|>ears on the gla.ss screen in the fifrm of an 
unbroken, eontinuous line, so the <jh.Herver can follow cvi^ry phase of the 
engine operatum. I’holographic fdm tir seiislti;:rd pa|)cr may be used and 
{lermanent records obtained. VVilh multiple manographs. one can study 
simultaneously the working of all cylinders. A tyjucal mnUiplc manograph 
of early <lcsign, ailapted for a fmir-cylindcr engine is shown at Fig. 48 C. 

High-Speed £ngine Indicators.-^As the engine was developed, the role 
t»f the indicatc^r became more exacting, with the result that many improve¬ 
ments and new instruments were devised. During early years the prob¬ 
lem WMS relatively simple, Wcausc the .sjjceils were low and the engine 
usually wa.s large enough lo afford a solid base upon which to mount the 
indicator and its part.s. With the advent of the intcrnal-combustiun cn- 
gitu*. llic indicator j>r**blcin became much more difficult. C<impare<l with 
the steam-engine, the speeds were high and the vibration was much more 
intense: the small coinbuslion-chamber and the general design made it more 
difhcuH to attach the indicator: and tlie very rapid pressure-changes during 
the cycle, as well as the high temperatures, furlher increased the difficulties. 
As the intcrnal-combn.Hiinn engine has liocotne uf such economic impor¬ 
tance that every effort is being made to improve its performance, a satis¬ 
factory indicator should l>e of considerable assistance lo the research 
engineer in his inva^^tigations of valve-liniliig, cam profile. s)>arkplug posi¬ 
tion. combustion-chamber design, fuel characteristics, and compression 
ratios. Used in lioinbs or engine coinimstion-chambers, it should aid the 
.study of detonatUjii and the action of knock inducers nml suppressors. 

All indicators in which the connecting linkage between the pressure 
element and the recording stylus or pencil is purely mechanical fall in the 
class of mcchanic<'il imiicators. Must of them are handicapped by friction, 
lost motion, low natural period, and inertia- The fir.st indicator by James 
Walt, in 1800, was followed by others such as the Richards. Crosby and 
Dohbie-Mclnnes. some of which have been used with considerable success 
on internal-cotubuslion engines. An indicator of this type is shown at 
Fig. 48 A and in section at Fig. 48 B. 

Operation of Micro-indicator.'^The micro-indicator, designed by W. G. 
Collins, of the Cambridge & Paul Instrument Co., is of considerable inter¬ 
est. Fig. 49 A shows two views of this instrument. The engine pressure 
displaces a piston, having a head area of ^ sq. in., against the clastic restor¬ 
ing force of a cantilever spring. The free end of the spring projects some 
distance beyond the point at which the piston is connected and acts as a 
multiplying lever, carrying a recording stylus which scratches the card on 
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a reciprocating sheet of ceHuloid. As the displacement of the stylus is 
several times the piston displacement, none of the usual multiplying levers 
are used and lost motion is thereby avoided. The natural frequency is 
about 1,100 cycles per second. The diagrams are less than in. square and 
must he studied through a low-power microscope. Its relatively high 
natural frequency enables this indicator to show the disturbing effect of the 
air passage leading from the c<»ui?utstioii-chanil)er to the pressure element. 
The dcscriplioii an<l illustrations are from the .S’. W. H. JotimaL 




Fig. 49A.—Two Views of the Micro-Indicator. The Front End of the Cantilever 
Spring Carries a Stylus which can Make Minute Diagrams on the Disc of Celluloid. 
The Parti are; A. Cylinder Lever; B, Piston: C. Base Rod: D. Subsidiary Spring; E. 
Cantilever Pressure Spring; P, Frame: G. Stylus; H, Celluloid Disc; 1. Cylinder for 
Celluloid; J, Adjustment Guide Pulley; K, Steel Disc: L. Adapter. 

Fig. 49B.—Hopkinson Optical Indicator. The Frame F, Is Mounted on Ball Bearings 
and is Given an Oscillating Motion Proportional and Corresponding to the Movement 
of the Engine Piston. The Movement of the Double Cantilever Spring S Causes ths 
Mirror M to Tilt. A Beam of Light Reflected from the Mirror Traces the Pressurs 

Diagram on a Photographic Film. 

Optical Indicators.—As a class, optical indicators as shown at Figs. 
48 C and 49 B arc characterised by the use of a beam of light as the means 
of amplifying the motum «if the pre.ssurc eleinetit. which may be either a 
small tight-fittiug piston or a diaphragm. The beam of light, reflected 
from a small mirror, is given two mot ions, one from ibe iuslnuiient piston 
or diaphragm ami (he tither a unifi»rm mtatitm or rccipn>catujn in phase 
with the engine piston. The beam impinges upon n stationary phuiographic 
plate or .sensitizetl paper. Ry the use of small mirrors and a stationary 
photogra])hic plate, the optical indicator is suitable for relatively high-speed 
work. I'he large amplification obtained with a beam of light acting as a 
lever reduces the necessary displacement of the piston or diaphragm, 
thereby reducing the wear and fatigue and at the same time making it 
possible to design instruments with relatively high natural frequencies. 
The nilrror.s must be very carefully mounted to avoid lost motion. All 
indicators employing a piston give trouble because of friction, leakage and 
vibration. 
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Sampling Valve Indicator.-^The «^ampling valve indicator is an ordi¬ 
nary mechanical indicator connected to the engine hy a tnUc amtaining a 
valve operated by the engine thnmgh gears. The valve is open during 
only a small part of each cyde, and the pressure in the expansion chamber 
of the indicator builds ti)) until it e<)uals the average pressure in the engine 
during the lime the valve is open, iiy selecting gears having the projicr 
ratio, the timing of the valve is changed pn>gri!S.sivcly so that, in the 
course of a 1,000 or more cycles, the mechanical indicator used as a recorder 
measures all the i^ressurcs in one cycle. '\'hc drum of the mechanical indi¬ 
cator is driven fr<im the .same gears that operate the valve and may have 
either a slow uniform motion or a reciprocating motuin foUo\ving the valve 
as it progrc.sses thrcuigh one cycle of the engine. 


This melliofi of obtaining diagrams was originated by K. J. Dc Juhasi? 
in and has been c<insiderably imj)Tovcd since, 'rhe diagrams arc idten 
characterized by irregidar “spiked** onllinc.s. The irregularities probably 
arc caused at low s|»ee«ls by insufficient incrlia in the recor<ling mechanism, 
by leakage, and perhaps by engine vibration; and at high s|)ecds by the 
irregularities of cnmbusllnii combined with iort light a rccc»r<ling mechan¬ 
ism, by the dislurhing cfTeets of the connecung tube, and by engine vibra¬ 
tion. Increasing tlic weight of the recording pisltm. reducing leakage, an<l 
designing a very go<id rotating valve enabled (jale to use this method in 
obtaining compc»sitc card.s that were relatively free from irregularities. In 
his latest paper M. Oc Juhasz aUo shows high-speed diagrams that are 
viriually free from them. 

IVofessor Jacklin connects an indicator of this type to all the cylinders 
of an engine through a selector valve which enables him to obtain a com- 
|jlete set of cards in a short time. 'Jlic composite diagram obtained with 
snrh an indicattir should yield useful infonnalion if t>n>iierly inlerprelcd. 
When adapte<l to record siiimliaiicotisly the composite diagrams from the 
several cylinders of a mulli-cyhnder engine, such an instrument should 
afford a rca<ly aiul fair mean.s of comparing prc.ssurcs. 

Carbon Pile Rheostat Indicator.—The new electrical indicator which 


will now be described was develot»ed by the General Motors Corporation 
lalniratory by taking advantage of work done at the Hnreau of Standards 
by Hnrton McCollum and f>. S. Peters, who devchijied an iusiruinrnt fur 
recording electrically the .straiii.s in the ineml>crs of briilgos, buildings, 
ships, and (Uher structures. In their instniineut, <lescribcd in 192.^, the 
strain to he measured ciinscs a variation in the buigituclinal pressure u[ion 
two carbcm-jiile rheostats, thereby changing the clcrtriral resistance. The 
strain is conunnnicated to the rheostats in such a wsiy that the resistance 
nf the first is increased while that of the second is decreased. The recording 
apparatus consists of an oscillograph and a Wheatstone bridge, the former 
being a sensitive recor<llng ammeter in which a beam of light from a very 
small mirror records the mirror movements on a photographic film. 
Change,*! in value of the current passing through the rheostats, which is 
influenced by the pressure against them imposed by the diaphragm of the 
pressure receiving instrument indicate the value of such pressures. 

Total ern»f8 resulting from the combined effects of zero .shift, vibration, 
and temperature changes usually arc less than three per cent. None of the 
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indicators of this type used up to the present has shown inaccuracy as 
^eat as Ave per cent. Therefore, it seems safe to guarantee the new indi* 
cator to be accurate within five per cent. 

1*0 meet the requirements of ordinary investigations, the necessary 
equipment may t>e enumerated as follows: 

(1) An oscillograph having a numl>cr of elements cc|ual to or greater 

than the niiinl)cr of simultaneous records desired 

(2) A WheatsUme bridge for each indicator«unit 



End View 


Pig. 50.^111ufttration4 Showing Carbon Disc Rheostat Indicator in Three Pocitioni. 

(3) If simullaneoits diagrams arc de.sired, a sufficient number of indi¬ 

cators having the same cuiistaiits should he provided. Kor wcak- 
spring diagrams, a unit should l>e prnvidetl having greater sen¬ 
sitivity than those intended for regular cotninistion-work 

(4) Apparatus for calibration 

The frame of the indicator shown at Fig. 50 is of oil-hardening tool- 
steel, machined so that one end is threaded to screw into the combustion- 
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chamber wall. In cutting out the interior of the frame, a longue is left 
])rnjccling from one side and extending nearly In the opposite side. The 
dimensions of the tongiie arc such that, when l<»aded wrtli the pnsh-rod 
and carbon rheostats its nalural jicriod is sufTicicntly high for the rescarcli 
for which it may be inlendcsl. 'I*he frc<|ncnru*s of the tiMigncs so fur c<m- 
structed range Ijctwccn 3.500 an<l 500 cycles per sec. The tongue acts as a 
cantilever s]>ring, the very small dcflcrlicm nf which is a means of measur¬ 
ing the pressure ujHm the tliapliragm conpled to the pressure md. After 
niuchining, the frame is heat-treated and then griMind ti> final dimcn.sions. 
The carhon piles are held between the tongue < 1111 ! the ends of the frame 
hy [>ressurc on plates which i.s Cfinlrolleil hy the adjusting screws. I'he 
rounde<l iM»ints of the screws fit into recesses in the plates. At the adjust¬ 
ing-screw ends of the rarlMin piles arc copper plates lu which wires arc 
s(»hicrcd for electrical c<inncctiotis tt> the Wheatstone bridge. Between 
those cojijicr plates and the steel pressure-plates are mica insulaling'discs. 
The ends of the carbon jdles nearest the tongue press directly against the 
steel plates, projections from which fit into recessc.s on either side of the 
tongue. With this arrangenient. the inner ends of the jiiles arc grounded 
so that the frame of the inslrunient can be connected to the third wire, 


leading to the recording instrument and the WheatsUmc bridge. 

1'he three wires are tlic only connections between the recording appara¬ 
tus ami the indicator projier. and they can be incort>oT.ate<l in a three-wire 
cable 20 to .50 ft. in length. Because of this feature, the recording apparatus 
need not be .subjected t*> engine vibration. The connecting link between 
the diaphragm ami the tongue is a hollow rod matlc t>f invar steel to avoid 
teinjieraturc effect.^. The invar nnl expands .so slightly that the thin 
diaphragm i.s acconmimlatcd easily to it without jirodticfng an appreciable 
upward force against the tongue. An invar rml three inches long expands 
only 0.0006 in. for a tcmjjerature change of 400 deg Fahr. To produce the 
same disidacement of the diaphrams generally used in indicators of this 
type, a force of 1.5 ll>. would be required. In practice, the rod becomes 
heated at one end only, being cc»oled by the stream of air directed against 
the diaj>hragin. 

The diaphragm that receives the pressure in the intcrii»r of the cylinder 
is a thin .steel di.se hrazed to the llireadixl end of the frame and connected 


at its center to the push-riKl. 'I'he clustic constants (»f the diaphragm have 
iio influence upon the records ohtaiiied. So great is the sensitivity td the 
carl>on piles, combined with the recording apt>nratiis and the design of the 
t(»ngne. that so far no work h.is l>ecn done in which the deflection of the 
diaphragm has er|unlied 0.0CX)5 in. Operation of this in.strnincnt docs not 
depend upon an elastic diaj^hragni, hccansc the displacements are so small 
that the restoring forces set up in the diaphragm arc negligible compared 
with those set ui» in the tongue, which is UR-ated where it remains cool. 
The diaphragm is nia<le of a tough .spring-steel .sufficiently thick to with¬ 
stand engine prc.ssurc.s. In designing the insirnment to meet special 
requirements, the dituensions of the tongue ami <]ia]>hr.igm «ire so propor¬ 
tioned that, for a given displacement, the resluriiig force created by the 
diaphragm displacement is negligible compared with that of the tongue. 
The life of the diaphragm is prolonged by directing a stream of air against 
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it, throu8:h the side tube shown in Fip. 50 which shows the indicator from 
different angles. A very ccmiplctc <lescription uf this imlicator, from which 
the preceding c:<tracts have taken will he found in the 5*. A, H. Journal 
for July. 1928. The most obvious shortcoming of the hulicator in its pres¬ 
ent stage of development is that no means arc pnwided for taking pressure- 
volume cards. For fundamental research, the pressure-time cards are 
pHihahly much to be preferred: Imt for routine work, pressure-volume 
cards also are desirable without the trouble of re-plotting. 



Pig. 50A.—Diagram Showing Power Losses Due to Friction in Internal-Combustion 

Engines at Various Speeds and Pressures. 

Indicator Cards Useful.—If indicator card<% are available, many things 
can he seen directly, whereas without the Indicator It is necessary to use 
indirect methods to ascertain the effect of various factors. The change of 
an operating condition such as speech air density or mixture ratio, affects the 
indicated power liberated hy comlnistion inside the cylinder in a direct 
manner; hut it may or may not change the iMuvcr required to overcome 
friction losses. For example, a change of mixture ratio sufficient to de¬ 
crease tlie lirake i)o\ver has pro1>ably not materially changed the friction^ 
if the s]>ccd and air density remain constant, hut a change of air density 
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at constant speed and with a suitable mixture ratio will change not only 
the indicated power Init the friction power as well, and there will be at 
least two causes for change of brake power. In other words, when study¬ 
ing a change of operating conditions, the effect upon indicated power is 
the fundamental relation and the effect upon brake power is only a most 
important by-product. 

Friction Loss Diagram.—The friction losses are always a promising 
held for jnve$tig:\tion. not <Mi1y liecaii.se they nni.st l>e understood in order 
to be reduced Init bccau.sc. at present, wc must know their tr»tal amount 
to obtain a measure of the energy lihenited itishle of the cylinder. The 
term frictiem as here used includes iu*i only the pisbm and bearing friction 
but also the power re<|mred to <n>eratc the valves, pumps, ignition devices, 
etc., and the jmmping Insse.s to charge and scavenge the cylinder. It would 
appear that the friclion as inca.surcd when the engine is being driven by an 
electric motor might not be the s:uik* as the friction when the engine is 
operating, because of the effect of the cxjdosi<in pressures and temperatures, 
the effect of the fuel K\]un\ the c\liiidcr^wall lubrication, and f*thrr features. 
The values of indicated power obtained by ad<ling the brake and friction 
pf»wcr ai)j>car to be a gno<l ineasnre of wbal would l>c obtained with an 
indicator. The diagram at Fig. 50 A shows friction losses in a test at 
various speeds and ]}resstires. 

Determination of Engine Power—Many readers <*f impiiring mind may 
have tried to understand the methods of rating internabcombustifui power- 
plants the vogue uud in making iiMpiirie.s to satisfy .1 natural curiosity, or 
looking np aulhorilies on mech.'iiucal subjects, have been confronted with 
such a mass of technical <lata tb.it their efforts to enlighten themselves have 
been in vain. Vet the (picslinn of |x>\vcr determination is a vital one to 
every engine user, as it is tbc capacity of the engine that determfnes the 
speed and climbing ability when used in an airjilanc, or its capability for 
operating antonioldles or other machinery when used in automotive or sta¬ 
tionary a])j>licalion5. 

INiwcr IS not bard tt> ikTine iii si!U|dc language, and the various dyna¬ 
mometers aiitl other testing nmchincs used to determine its value arc not 
hard to tinders la ml as they are based on tiriuci|>lcs tlial arc easily explained. 
Power is always dcfineil as the rale id doing work, which in turn is the 
jfroduct <»f a force acting lhr«uigh a certain distance in a certain time. H 
a man raises a weight of .^0 i>ouiuls one f<M»t. he has done work equivalent 
to 50 foot ])oinids. but nnle.ss some unit of lime is stated, it is very difiicult 
to make any comparison with any standard unit. It may have taken the 
man one inhatte to lift tbc loa<l that distance; obviously he did not exert 
hun.self or work as hard as though the weight had l>cen raised one foot in 
one second. The standard unit of measurement is one horsepower, which 
is the ability of lifting ,33.000 jxnuids one foot in one minute or 550 pounds 
one foot in one second, or any combination of weight, distance and time 
that will imxlucc the same resulting product Power is not work but a 
measure of work. 

In any gasoline nr crude oil motor, which is the |H>pu1ar automotive 
powerplant of the present century, power is obtained by the rapid com¬ 
bustion of an inflammable gas in the cylinders. The pressure resulting 
from expansion tends to force a movable member, called the piston (which 



134 


MODERN AVIATION ENGINES 


works inside the cylinder) down a certain distance, called the stroke. The 
jiislon is coupled lo a crank liy a c*Mincctiiiff«rcKl as its reciprocating movc- 
meiU must he converted to a rotary motion in order to utilize it more 
elTcctivciy in driving the traction wheels of the autuniobile or the rotating 
jjropeller of an nir])lnnc. Thus the amount of the cxpansiim gives a force, 
the length of the slr(»kc gives the distance through which the force is ap« 
]i]ied and the mniil»cr of strokes per minute adds the time (actor. If one 
knows the aniouiit of the cxjdosive force or pressure acting <in the piston 
top in pounds, the piston travel in inches or feet and the numher of strokes 
during which power is applied to the piston per minute the horsepower 
that slum Id he theoretically oluaincnl from a gasoline^enginc cylinder can 
he reaflily approxiiiiaied. 

Indicated Horsepower.—Thus in determining indicated horsepower, 
one must consider the hallowing cardinal jniints. ^*irst. the incau eftcclivc 
pressure against the piste mi U»p. which is an average >•( the nutnher of 
pounds per sipiare mch acting eluring the entire stroke. Secoml. the area 
of the piston ti»p in .si|uarc inches, 'hiird. the length of the stroke in feet, 
loMirth, tlic niiinher <*f explosions ikt minute. 'J'hc product of these 
factors divided hy 33.()fX) gives the apjiroxiinalc horse|H»wer, and may l)e 
exprcsscil hy the following simple formula: 

VXAXSXK.P.M. 

I. HP. •=- 

33,000 

In wliich I* Is mean cfTectivc ])re.ssiire in pounds per s<|unre inch. 

A is area of piston top in square inches. 

S is length of .stroke in fret. 

K. P. M. is numlirr of explosions per minute. 

Horsepower Computation.—A iiitmher of other formula:* have been pro¬ 
posed in which various factors are considered. Some of these, which are 
of English derivation follow: 

Denby Marshall Pormuls: 

Measurement in inches. Measurement in inm. 

(PSN H‘SN 

12 2UO.OOO 

This formula gives a close approximation of ]H>wcr. and as.sumes a 
revolution sjK*ecl of l.(X)0 per mimiie. or with modification for effect of 
Strokc-horc ratio on revolution s|>ce<l. 

D’SNRevs. IVSN Revs. 

12.000 200,000,000 

Institution of Automobile Engineers’ Formulae: 

Measurement in inches. Measurement in mm. 

.45(I) + S) (])—1.I8)N. (1>+S) (H —29.97)N 

1.4.33 

This formula ciii1<)dics a correction fur mean effective j)rcssure rising 
with bore, and one for effect of stroke-bore ratio on speed. 
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Lanchester's Formube: 

Measurement in inches. 
.5D*N0< 


Measurement in mm. 

n* 


v/K 

This formula provides a correction for piston .speed limited by the stroke. 


Burrs Maximum Rating Formulae: 

Measurement in inches. Measurement in unit. 

M K)..VH)M 

This formula is similar t<* the J.A.IC, formula, but einlMMlies a spee<l 
limiting factor basc<l on weight oi reciprocating parts, and M = jnass of 
weight of reciprocating parts in one cylinder. For cast-inm pistons 


M ^.(Wrrfl + .15 K) + l..S|b. M =— — I 1 + .15l< I 

J(W.;(K) \ / 


+ 1511 ). 


Poppers Formula: 

Measurement in inches. 

DSN 


Measurement in mm. 
DSN 


2.$ 1.612 

This formula is leased ujmn cubic capacity of cylinders simply. 

Engine Testing Methods.—This discussion of engine cfljcjency would 
not 1>c complete without reference to engluc-testing e<iuipmeul which has 
l>ccn an essential factor in the development of the internabeonibustion 
engine used in autom(d>iles and airplanes. There are two distiucl methods 
testing an engine; one. a dytiamoinelcr test and the other, a lest after 
in.stallation in the car, truck, tractor, plane or Iwiat. as the ca.se may he. 
Iloth kinds of lest are necc.ssary. each meth<Hl permitting of acquiring 
certain data itidispciisable to a complete understanding of the subject. The 
dynamometer represents a means of abs4)rbing jxover and may consi.st t)f a 
l>rony friction brake, a water Ixake. a fan brake nr aii clectric*cradlc 
<(yjiainoineter. A typical cra<lle ilyiiamometer is .shown at Fig. 51 E. 

A practical clcclnc dynamoiueter installation consists <»f a generator, 
adajHed also to run as a moU»r. The field frame ui this generator is 
tnounted on ball bearings and is carefully l>alanced. The etjgine to be 
tested is connected by a suitable coupling to the annaturc shaft and the 
field is separately excited. The current generated is dissipated in suitable 
resistance grids and no electrical readings are taken. The load on the 
engine is varied by a suitable field rheostat and. in addition, the resistance 
grids can be connected in various groujis to obtain the dcsircil load. The 
actual load on the engine is represented by the torque on the field frame 
of the generator, and ibis is mcasure<l by suitable scales .such as arc shown 
in Fig. 51 C on the near side of the dynamometer. When making a power 
test, therefore, the torque readings arc given directly by the scales and the 
speed readings arc obtained by suitable tachometers, preferably by a 
po.siiivcly«driven revolution counter. 
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How Power Curves Are Made.—A typical power curve of a gasoline- 
engine is shown in Fig. 51 I). It will l>e noted that the torque is plotted 
against the ordinates shown on the right-hand side, which give the pounds 
pull at 21-in. radius, this iKnng the distance from the center of the field 
frame to the point where the weighing scales are attached. The revolutions 
per minute are plotted against the abscissas and the l>rake-hor.sepower is ob¬ 
tained by multiplying the number of revolutions j>er minute by the pounds 
torque and dividing by 3,000. The brake mean cfTcclive pressure is given 
in pounds per square inch and is obtained by nniUiplying the number of 



Pig. Sl.<~Typieal Pan Dynamometer for Making Horsepower Determinations. 

pounds torque by a factor varying with the displacement of the engine. 
Gasoline consumption is pbuted on a basis of pounds of gasoline per 
horsepower-hour. In actual testing the gasoline consumption is obtained 
by the difference in weight of the gastdinc supply tank before and after a 
run, which may vary from one to fifteen minutes, or longer, depending upon 
the degree of accuracy desired. The usual procedure is to obtain the re¬ 
quired data over the entire speed range of the engine in a series of steps, the 
speed increase in successive runs being about 2CO r.p.m. The radius of the 
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arm attached to the weighing: scales will vary in different testing machines, 
the longer the arm is or the greater the distance from the center of the 
held frame to the scale, the less the amount of pull indicated for the same 
power. 

Simple Fan Dynamometer.~Many manufacturers who are producing 
engines in large quantities regard a running-in lest as one that has suffi¬ 
cient value f<ir all practical purjKiscs and as a sinijjle fan dynamometer may 
be easily attached to the )><)wcrplaut, it is not difficult to form an opinion 
of the capacity of the motor by c<nuparing its action >vith that of others 
known to be efficienU The fan dynamoinclcr is very simple and economical. 
A typical a])pliancc of this kind is shown at h‘ig. 5f. it cimsisting essentially 
of a through shaft supported on hall bearings inoiinicd in a heavy cast iron 
standard <ir base, having a wonfini arm carrying two aluminum plates at 
rme cn<l and a universal joint or other coupling for attaching to the engine 
to be tested on the other. In this iiisiancc. a taclioineter or revolution 
in<lira(or is fiHctl, thi.s being dr ben by the shaft carrying the resistance 
arm and jilatea so the s|K'e<! of the fan may Ik? easily determined. Horse¬ 
power dclcrniiuatioiis arc made by calibrating the fan from some standaril 
motor and checking the results by .some other form of dynamometer to 
determine If the fan is correct at the start. When <»ucc set, however, the 
power <lelivered by any imuor may be noted by ascertain lug the number of 
revolutions per unit llnic aiul coruparing the results with a plotted curve or 
chart dclertnined liy .1 former calibration. 

The fan dynamometer is usually employed to note the effect of a maxi¬ 
mum load as It must be run sufficiently fast so the resistance will impose 
,a steady biad upon the mottir to be tested. It is not practical to run such 
a device at low speeds because the load c.annol he varied a.s easily as in a 
Penny brake or electric dynamometer. To vary the resistance offered by 
such an appliance, the vanes initsl be shifted on the ,nrm to which they are 
attached. The nearer the center they arc placed, the less the resistance 
offered and the higher the 5|>ced p<»ssiblc with the same motive force. 
When one desires to test the nut|nii of a motor under varying speeds, 
such as might lie caused by varying the mixture quality or quantity or spark 
time, and also to detennine the capacity of the engine at low .speed, the fan 
dynamometer has disadvantages which militate against its use. The 
principle of air resistance is m.ide use of in apparatus of this type. It has 
been determined by Kern pc that the power required to move a plane surface 
through the air varies vvilh the velocity, it increasing as the cube of the 
speed. 

In the case of aviation engines, the jiropcllcr the engine should drive 
is a good index of its power output and running-in and test stands similar 
to that shown at Fig. 51 A. arc practical and give good results in testing 
engines after overhauling. If the engine attains or exceeds its rated r.p.m. 
pulling a standard screw it is evidence that the engine is suitable for flight 
work and that the repairs have l>ecn proi>erly executed. 

Electrical Dynamometers for Motor Testing.—When one demands a 
flexible dynamometer, it is difficult to conceive any apparatus that is 
superior to those in which electriciiy is utilized. Electric testing apparatus 
may be either of two classes: that in which a standard dynamo electric 
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machine is <lnven by the motor to be tested and its output determined 
l)y suitalde resistance and measuring* meters, and the other form having 
an osc illating field meml>cr restrained from undue movement by a lever 
arm and weights. The dynamo is attached to the engine shaft by a flexible 
conjding and its output measured by suitable instruments on the switch- 
briard. The current devclitpcd is absortwcl hy resistance coils and in some 
plants where engines arc continually on test, the current may be utilized 



Pig. 51Ai~Tett Stand for Determining Horsepower of Aviation Engines hy Using 

Propellers ol 'Xlub** Type to Absorb Power Cenersted. 
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by the electric motors employed in operating the shop machinery. A 
tachometer is attached t<» the wall just a1>ovc the dynamo am! is driven by 
a pulley on the end of the dynamf^ shaft. As the amount of current de¬ 
livered will vary with the speed at which the dynamo armature revolves, 
and this in turn is dependent upon the ]Kuvcr of the engine, It will be evident 
that the power can he read directly from the current recording instru¬ 
ments. Electrical horse|)owcr Is measured in waits, it taking a little over 
one mechanical horsc]>o\ver to furnish 746 walls of current. This unit is 
ol)talncd by multiplying the amount of current as expressed in amperes 
by its pressure in vidts; thus, if the voltage was 100. it \v<mld take 74.6 
ainpere.s of current to do work e(|uivnlcul to an electrical horse))owef. Jn 
cdhcr wiirds one may say that 746 watts is equal to 33.000 ft>ot prmnds 
per minute. 

Siippr»8C the dynamo coupled to the engine tcstetl was delivering a 
current ui 7,460 watu or nearly 7.S kilowatts. If there were no losses in 
transforming mechanical into electrical etiergy. the engine winild be 
developing ten horsepower. As it is. the jjower exerted by the powcrplant 
would be alum I ten )>er cent greater than thi.s. or eleven ln»rspjiower. If 
the indicating instninienis showed that a grcaler current of 37.5 kilowatts 
was being ahsorlied by the resislniire grids or power lines, llic gasoline 
engine would he delivering in exces.s of 55 horsepower. 

Sometimes a bank of incajulescent lamps ts utilized instead of the 
resistance coils for absorldtig ihc nirrent pro<lneed, In other installations 
the electrical energy is ma<le to do useful work by operating machinery, or 
it may be fed direct to lain|>s and other a|>|>aratiis. The current is some¬ 
times cot)served l>y mcan.s of a storage battery installation, and in this way 
the fuel used in running the engine is not wasted. In a<ldition to routine 
tests such as outlined, the electric dynamometer permits much other tn- 
forniation to be obtained. For instance, the dynamometer can be used as 
an electric motor to turn over the engine and. by taking the rea'lings of the 
torque rctpiired ami the levohitions per minute, a friction-horsepower curve 
can be arrive<l at, giving the mechanical efficiency of the engine untler these 
conditions. This inforniatifin. however. Is of comjiaralive value only, since 
the actual incchniiical losses are very much greater when the engine is run¬ 
ning under its own power due to the gas pressures. The effect of car¬ 
buretor settings, ignition an<l valve-timing, and many other variables can 
be investigated to the best advantage on the dynamometer. 

The class of cicctro-dynainonicier show'n at Fig. 51 B differs from the 
dynamo test previmisl)' described in that a lever arm is atlaclieil to the 
field piece of the machine, which i.s pnirnaled in a frame in such a manner 
that the tcmlency of the field Is to follow the armature, this pull increa.sing 
as the horsqnnver is augmented just as in Frony brake. The weights at 
the end of the long lever resist the tendency of the field to follow the arma¬ 
ture. Suitable electrical in.slrumcnts are mounted on the board to control 
the current, and the horsepower delivered by the motor may be easily 
computed by a simple formula very similar to that previously mentioned 
for measurement of torque absorl«l by friction brakes, 'bhe cradle dyna¬ 
mometer. as the form shown at Kig. 51 C is called, is often used in making 
engine tests with various auxiliary systems to determine relative efficiency 
of carburetors, ignition systems, etc. I'his is because of the close gradua- 
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tion possible of ihe load and accurnte clctemiination of power delivered. 
The apparatus used in dcUTmininj; fuel consumption in ctmiiection with 
electrical or other dynaTuometers is simple. I'he fuel 0(»nlaincr is placed 
on a platform scale and the aiuoiinl consnincd for any given period may be 
easily determined by the diminution in the aggregate weight. Air consump¬ 
tion can also lx: measured as well as lubricating oil used. 



Fif. 51 B and C.^Lower View 6 Shows Simple Form of Electric Cradle Dynamom¬ 
eter. Another Type of Electrical Cradle Dynamometer is Shown at C. 
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Water Brakes and Other Tests.—In addition to the common methods 
outlined, sonic engineers have devised loslhig aj)|>aratus in which water 
or other liquids play a part, the |><i\vcr licing ahsorlied hy some form of 
circulating pump or paddles in liquid, and its quantity measured hy deter¬ 
mining rate of flow or revohuions per minutes <»f the paddles in the resist¬ 
ing medium. One form, known as the hydro-<lynauioiuclcr, consists of a 
large disc or a plurality of such mcnihcrs rc\ t*lvcd at high speeds in a water 
hath contained in a suitable housing. ()|hers are merely large centrifugal 
pumps, and .still others consist of an ordinary large lM»ai ]>rope11er revolved 
in a tank of brine or oil. 



Speect^R.RM. 

Fig. SlD.^^Typicil Diagram Showing Engine Performance at Determined by Dy¬ 
namometer. Note Completeneet of the Informition Given by Graphic Charts of thla 

Character, which are Invaluable to Engine Designers. 

All aviation engine factories have some form of testing apparatus to 
make sure that the engines produced have the proper power iH'forc they 
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are shipped, and after receiving a thorough test, they are sent to the 
purchaser wilh every assurance that they will fimclion properly and deliver 
full ]Kmcr as long as o]>crating conditions are normal. The length of time 
that a mottir will retain its cllkiency after leaving the factory depends 
up(jn many facUirs, one of the tniist impcirlaiU being the amemnt of care 
it receives at the hands of the owner, or those entrusted with its main* 



I ('iihii* !< To** IH'\ <4 MI'jt C >i 
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Fig. SIS.—Types of '"Froude*' Water Brake Dynimonetert that May be Uied for Test* 
ing Horsepower of Automotive Engines and that are Capable of Continuoui Operation. 
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tcuance. The best of motors wUI fail in service if neglected or abused, 
while an indifferent design may give very satisfactory service if properly 
cared for. 

Another class of engine testing, such as the road testing of an auto¬ 
mobile engine or a flight lest of an airplane engine, for example, requires 
more than ordinary intelligence on the |>art of the testing engineer. The 
]>ersonal element entering into such testing is very large. We must fre- 
((uentiy rely on the senses of the tester as much as on the instruments to 
judge whether a certain change represents an improvement or not. It is 
of course possible lo reduce this kind of testing to a science by the use of 
instruments such as an acccleromeler, recording tachometer, thrustmeter, 
etc., but in field jjraclirc it is m>t always pnssilde to gc» to the trouble of 
installing such instruments. 


Cra^-HKimwui ArfnttmtM Fnpude DyniQiofiMcr, 0.rjL 
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Vifc'T acuno 


Fig. SIP.—Sectional View Showing Internal Construction of “Ftoude” Type D.P.X. 
Dynamometer. Note Simplicity of Rotating Element and Shape of Water Pockets. 


The **Froude*' Dynamometer Type D.P.X.—A cross-scctional drawing 
through ihe type **l"roiulc’* I lynainomcter is given al Fig. 51 F. 

The main shaft is carrie<l by bearings fi.'ccd in the ca.sing (tu‘t in e.Klernat 
supports). The casing in turn i.s carried by anil friction trunnions, so that 
It is free to swivel al>out the same axis as the main shaft. When on test 
the engine is directly Ciniple<l t<» the main shaft, transmiiiing the power to 
a rotor revolving inside a casing, through which water is circulated to pro¬ 
vide the hydraulic resistance and simuHunernisly U* carry away the heat 
developed by destructhm nf |xiwcr. In each face id the rotor is formed 
pockets of semi-elliptical cr^»s.^•.sectii^n divided one from anolher by inean.s 
of oblique vanes. The internal faces of the casing arc also pocketed in the 
same way. When in action the rotor discharges water at high speed from 
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its periphery into the casing pockets, l»y which it is then returned at dim¬ 
inished si)ecd into the rotor p<K*kcts at a point near the shaft. Thus, the 
l»ockets in rotor and casing together form elliptical receptacles round which 
the water courses at high speed, creating vortices which destroy the power 
of the engine as quickly as it is developed. 

Between the faces of the rotor and the casing thin metal plates or sluices 
arc intcrjiosed, capable of sliding radially towards or away from the shaft. 
By rotating an external hand wheel these sluices can he caused to mask or 
uncover nu»rc or less of the power-ahsorhing cups, and In this way to reg¬ 
ulate the load e.\cried hy the dynatiHnuclcr. In this type (»f dyuaiuometcr 
under running coinlitions the iKickets shendd remain always full of water 
which enters thriMigh hnlcs in the casing to a jMiint near the center of each 
vortex where tlie jircssure is li»w. After )>cmg heated hy the deslruction 
of power, the water passes to waste lhr<mgli an < ml let valve, which in 
liractice is ngulaUtl to give a tem|K;raturc uf a)Knit 140 degrees Fahrenheit to 
the water. 

All '‘Fronde’* dynamoinclcrs luivc casings snpfiorted upon antifriction 
irunnions and free to swivel about the axis of the shaft The shaft is 
nniiinte<l upon hearings titled into the casing and not in independent sup* 
jiorls. 'riie pilling conveying water to an<l away from the casing is 
Ilexihle, and precautions are taken to prevent external forces from resisting 
the free swivelling mnlimi (»f the casing. When a turning incnnenl is applied 
to the shaft, any resistance creale<l l>y the <lynanioineier. whether hy hy¬ 
draulic or Solid friolion, must of necessity react uism the casing, which 
lends (<i swivel upon its supports. In the **l‘>ou<lc*’ dynatrimnetcr this 
tendency is resisted solely hy a weighing machine, which correctly indi¬ 
cates the magnitude erf the toripte. This arraugcinent ensures scienlific 
accuracy. 

'I'he h)rin of weighing api>araliis varies somewhat, in the D.P.X. type 
dynanioineter it consists of an arm directly attached to the casing, and con- 
ticrled ihriiugh pin joints to a spring balance upon which dead weights are 
suspended .so as to put llic .springs of the balance into tension. When the 
dynanioineter is at rest, uncouplcii from the engine, and (he arm is in a 
horizontal iHisitiou, the |H»inler indicates zero. The dial is graduated so ns 
to give a direct reading of lliu lifting f<»rce exerted hy the end of the lever 
arm when at work. See Fig. 51 E. 

Calculation of Power.—In any dynamometer which measures the torque 
developed hy a prune mover by means of the force exerted at the end of a 
lever arm which is actually or virtually attached to the nonrotaling carcase 
of the dynuutoineler, the Uisic formula fur the calculation of brake horse¬ 
power is: 

W X 2. \\ li N 

n.llp. -- 

sU.m) 

W Net weight lifted or force exerted at 
end of dynamometer arm in ]>ounds. 

J< l•itTccllve radius of arm in feet. 

N ~ K.p.m. 


Where 
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This formula is simplified in the ‘'Frotule** Dynamometer by nitaking K of 

suitable ma^itude, and becomes 

Thus, if VV N 

H.IIn. =- 

K 

U 5J521 feet. 

WN 

JUIp. 

J.()00 

In a dytiamomelcr Iniilt to ^ivc Metric units <»f measurements, a similar 
jdan is followed. Thus, in a Metric utaehinc having an arm 1.452.4 milli¬ 
meters Kmt?. K —SOU. 
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Fig. dlG.^View of Heenan-Pell Dyiumometer Which Uaea Air Fan to Absorb Power 
and to Cool Engine. Note Engine Mount lor Radial Air-Cooled Engine. 


Torque Meters.—Torque reaction has hitherto been measured generally 
by suspentling dead weights ujKm. or attaching a weighing machine to, a 
lever arm extending from the awiveUing carcase of the dynamometer; an 
illustration of this system is .shown at I'lg. 51 E. The space occupied by 
such an arrangement is necessarily considerable, and the mass <if the dead 
weights necessary to resist the very heavy torque dcvchqKsI by m<Klern 
Prime movers renders adjustment somewhat cumbersome. The new S Sc 
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F type “Froucle” dynamf>nictCTs incorporate a Torque Meter in which 
llichc defects are at)scnt. and of which an arrangement is shown at Fig. 
51 II. The casing, su])|H»rtcd 4»n antifriction trunnions not shown in the 
diagram, is provided with two lugs at diatnetricaily opposite |)oints on the 
periphery; each hig is coupled up by a connecting rod having articulated 
joints to a system of levers fixed in the base-plate. 

When the direction of rotation is counter-clockwise as shown, the left 
hand connecting rod jjrcsses <!4»wnwardly upon the short arm of a main 
lever, pivott*<l ujion a fulcrnm which is coimccicd by u rocking pin joint 
to the bedplate. The right hantl connerting nx! pulls vertically upwards 



Diagrammatic Arrangement of Tnrciue Meter for 8. k F. Type Froude Dysamometen. 

Fig. 51H.—Sectional View Showing Arrangement of Torque Meter for S and F Type 

“Froude^ Dynamometers. 

Upon the slu»rt arm of a similar main lever, which is pivoted upon a ful¬ 
crum permanently fi.xcd to the l)edplalc. The hmg arms of the main levers, 
therefore, exert respoclively upward and d<jwnward forces, and their ends 
arc connected together by a third lever transmitting the resultant of these 
two forces to the short arm of a steelyard type of weighing machine. This 
system of levers is equivalent in effect to a lever arm directly attached to 
the dynamometer casing, and having an efTeciive length several hundred 
limes as great as the radius inm center of shaft to center of one of the 
casing lugs. The torque can therefore lie measured by a numl>er of very 
small weights and a sliding poise instead of enormously heavier weights. 
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Testing Aircraft Engines.—^Tcsls njxm aircraft engines can only he con* 
<hictcH wtili Ihc aid of spccin? equipment of a somewhat more elaborate 
nature than that which suffices for testing the majority of niolor-car 
engines. 'I'hc ventilation of such engines, for example, especially those 
which are air cnolcd, or hchig water ernded arc fitted with turliine driven 
su)>rrchargers. must ho earned uiit under coudilioiia anah»gcms to those 
rxi)criencc<l in flight; and this requirement invfdvcs the projection of a 
powerful blast of air against the heat-radiating parts of the engine, Until 
recently the air blast bus usually been supplied by powerful centrifugal 
fans driven by electric motors of size up to .several hundred luirscpowcr, 
of which both the first cost and runuiug cost arc extremely heavy. Mfire- 
over, in many ca.ses such as in mobile jnilitary establishments, neither the 
necessary eleeiric supply for driving the motors imr the water sujjply for 
Ibe “1‘roiule** d>namomeUT is available. 

'Vi* remedy these flefieiencies the I leenu«-J*'ell Air Urukc dynamometer 
has l>een inlrofluccd, of which a rcpr««luction is shown at Fig. 51 (». In 
principle this dyiiaiiioineler Cfinverts the jMiwer of the engine into a power¬ 
ful air-blast winch is blown <iver the henl-rudialing parts of the engine; 
while at the same lime it measures the reactionary iorc|ue uj>ou the crank¬ 


case. 

The Heenan-Fell Air Brake Dynamonieter.—A cr<»sv-sectional elevation 
of the above <lynainoinclrr, with an air-cfMded radial engine fitted in readi¬ 
ness for testing is .show n at Fig. 51 I. 'rbe engine is carried upon a Torque 
'fable w hich is pivoted upon link gear so that it is free to oscillate alsutt the 
axis (»f tlie jirojieller shaft, 'fins table Is connccled tbrongh an extended 
lever arm to weighing ajiparalns by which the reaeti<niary tor<|uc and hence 
the horsepower can be accurately measured. A cardan shaft transmits the 
jiowcr to a single inlet ccnlrifiigal fan Impeller of special design, capable 
of exhausting air from the surrounding atmosphere ami bhnving it under 
pressure into a heavily built casing having an axial discharge fipcning. 'I'hc 
impeller is surrounded <m the i>crlphery by a large sliding tube the inner 
end of w hich curries a dished flange, td which a duplicate of opposite hand¬ 
ing is perinanontly fixed to the interior of the casing. A.xial inniion o^the 
sliding lube is obtained by screw cd nxls and nnts connected by cliuin gear¬ 
ing to a handwheel fixc<l near the control panel. 'I'hc 5ha])e of the dished 
flanges is dcsigoied to convert the kinetic energy of the air leaving the 
iinjK'ller into pressure energy in the casing, from which the air issues at 
high velocity njion the engine. In its t>a>sage througli the casing and 
discharge <ijiening the air passes through wind .-^trarghteners which correct 
any Icndvncy li» whirl such as might in (erf ere wdih the true reading of the 
Torque. The Inijicller can be entirely masked by the sliding tube, and in 
this slate the resistance (o rotation is a minimum; but by withdrawing the 
tube the resistance can l»e made pufificienily large to absorb the entire 
jHiW'er of the engine *»Ycr a range of speed. 


S. A. E Engine Testing Procedure 

Engine testing forms for rcc<»rding engine tests consist of biur sheets: 
A—Rules and Directions; U—S];cciticaiion Sheet; C—Log Sheet; D— 
Curve Sheet. ICngnne testing birins. printed on 8J^ by ll-inch punched 



S. A. K. ENGINE TESTS 


140 


sheets, may be obtained in any quantity from the office of the Society. 

RULES AND DIRECTKJNS—A 

A complete engine lest incUides the determinntiou at different speeds of: 
maximiim hi»rsei)u\ver; fuel ecoiu»niy at ma.Niimnn. at -' 4 . at and at 
inaximum hcirseiH»\ver at each of the speeds; friction-horseiHiwer. Fnun 
these data the folU^wiug curves are idotted on the Curve Shed : 

(]) Ti>r<(ue ngtiiiist revolutliuis per miniite. 

( 2 ) Maximum hi>rsepo\vcr against revolutions jier minute. 

(3) Itrakc mean effective pre>snro against revolutions per minute. 

(4) h*fiction lii»rsc}HnvCT against rcv 4 ilnlions jut minute. 

f5) Mechanical cniciency against re>*ilutions jht minnte. 

( 6 ) Fuel jier brake bor.seiMiwer hour against niaxiiuiiTii horsepower at 
each speed, 

(7) Fuel per brake liorsepmver hcuir against luu.vimnm horsepower 
at each st>ccd. 



Fig. 52.~Photograph Showing Packard 24-Cylinder X Model, Coupled to Dynamom* 
eter Being Demonstrated for the German Transoceanic Pliers, Baron Von Huenfeld. 
Captain Koehl at the Throttle, and Maior Pitsmaurice of the Iriih Free State Alt' 

Corps. 

( 8 ) Fuel per brake horsepower hour against Yi maxinnim horsepower 
at each speed. 

(9) Fuel ])cr brake horsepinver hour against niaxiinnin horsepower 
at each s|>eed. 

flO) Thermal efficiency against maximum borsej>ower at each spee<b 

(11) Thermal c/hciency against y maxinnim horsejHiwer at eacli speetl. 

(12) Thermal efficiency against inaximum h<»rse|M>wcr at each Hpee<l. 

(13) Thermal efficiency against 14 ina.ximiiin horsetiower at each speed. 
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Kmpliasis is laid upon the value of the determination, in addition to 
the usual runs at niaxinnim h<»rscpowcr at each speed, of fuel consumption 
an<l thermal clTicieiicy at each sjieed with the engine developing -^4. ]/> and 
% of its maximum horseixiwer at that sf*cctt. Automohile enjoines operate 
a lar^'c pro]H)rtloii of the time on ]>art load and in the study of operating 
characteristics, part hr»rscj«j\vcr curves are valuahle. At the other hand, 
aviation engines operate at from ^4 to full load and jicrfonnances at speeds 
g’ivin^f frcmi lo full lu»rscpr*\ver arc most valtiaMe tii studying the char¬ 
acteristics of such engines. 

louring the complete icsi, the engine shall he ctmtrolled hy means of 
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throttle and spark only. Engine adjustments shall l)e made for host horse- 
fK>wer output, and in no case shall such adjustments Iw changed during 
the complete test. 

Test runs should iu»t l)e made until the engine has hceu run-in sufti- 
cienfly to show no appreciahle difTerence in friction hefnre and after a run 
(»f 30 minutes al the sj>eed of maxiiuuni horscposs'cr with iKc throttle wide 
i»peti. 

Where a slock engine is ti» he tested, all parts, accessories and lubri¬ 
cants must Iw st<»ck. In every case, all regular c<|uipinent. sucli as the fan 
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and generator, must he nn the engine and operating. 

Before beginning ;tny run, the engine should be brought to a condition 
of sustained operation under the conditions of the run and it is imperative 
that in every case the revtdutions per minute, brake loads, rate of fuel 
consumption, cooling-watcr tcni]>cratures. oil temperatures, air draft and 
other factors remaiti sultsiantially constant, steady and sustained through¬ 
out the run. Flasli rcatlings and tests arc unscientific and misleading. 

Number of Runs.—In every lest, enough runs should 1)C taken through¬ 
out the speed range so that the points therefor when plotted will indicate 
clearly the shape aud characteristics of the curves. lu»r hc»rseiKj\viT and fuel 
economy tests, it is reciuninendetl that runs l)e made at Intervals of appnixi- 
mate!/ 200 r.p.in. A run should Iw nia<le at the lowest steady operating 
speed of the engltic. All jKMUts fnun which curvc.s arc plotted are to Ijc 
clearly shown on the Curve Sheet. 

Duration of Runs^l'lie duration of hrakc-hnrsctK>wcr tests shall not 
be less Ilian three minutes. Where fuel consumption is measured, the 
duration of tests shall not l>e less than five minutes. The dnruliim of fric¬ 
tion-horsepower te.sts shall not be less than one minule. The above stated 
times arc iiunimH. In Tn<»st instances it is desirable to make the runs of 
Ifuigcr dnratimi, .and it is imperative that in every case rcvc»lutions per 
minute, brake l(»ad5, rate <d fuel consumption, cooling-water temperatures, 
oil temperature, air draft and other factors remain substantially constant 
and steady throughout the run. 

Balancing Dynamometer.^Bcbirc brake lou<l readings arc rccfirded, 
great care should 1)C e.\crclsed U* see that the dynamomclcr il.sclf is projKTly 
balanced. For the electne-era<lle type of <lynam<»iueler, l*alancing is ac- 
complisbed as follows'I he duianiomcler is run idle as a inot<ir (flrawing 
current from the line) and a .suitable counterbalance tm the field frame 
(which should be perfectly free to turn within limits in ball bearing irnn- 
f I ions) is then a<l justed so that the platform .scales rea<l zeni. This reatling 
should be oblaineil with the <lynamcmicter r<*taling first in one direction 
and then in tlie other. 'I'he reaction <»f the armature on the field frame will 
exactly balance the friction of the brushes and amialnrc bearings carried in 
the field frame. With llie armature still rotating, check-weights (or pieces 
of metal having a known weight) should be hung from the knifc-e<lge on 
the dynamometer arm. If the reading rccor<lcd by the platform scales is 
equal to the known weight a]>p1ied. the dynamometer can be considered as 
balanced. 

Brake Loads.-—Brake load readings sh<»uld be taken with accurately 
calibrated p1atfi»rui or beam scales. The connection id the ilynamoincter 
arm to these scales by means of knife-edges, calibrated spring balance and 
tripod or suitable linkage is recommended. Suitable counler-balances or 
tare loads nm.st be accurately provided. The spring balance gives a quick 
approximate reatling for brake loads as it serves to cushion the platform 
or beam scales fn^n shock and vibratitm. Ouriiig any run, the platbirm 
or lieam scales should be kept balanced, and the loads registered thereby 
must be .substantially constant and steady throughout the run. 

Revolutions per Minute.—-SixHftl in revolutions jkt minute should fie 
invariably taken from fKisitively driven counters which engage at the be- 
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ginning of the run ami disengage at the end. The difference l>etwcen the 
two readings, divided by the duration of run in minutes, gives the true 
average speed. Tachometers, even though carefully calibrated, are not 
sufficiently reliable. In connection with the sjjettl coinilers tneiuioncd 
however the tachometer may be u.sc<l as an approximate check on average 
speed, also as an indicator uf variations in speed before or during the run. 

The maximum allowable variation in 8)>ced tluring a run shall 1>c 50 


r.p.m. 

Temperatures.^ AII tcmj>eratiircs are to be given in <legrees Fabrenbeit. 

A reliable glass straiglilNSiein ibeniUHnclcr shmild bo placed near the 
carburetor air-inlet in or<ler to measure the teinjieraturc uf the entering air. 
This thermometer should l)c rca<! at least three times during each run. 
one of these times to l>e at l>eginning and one at end of run. 

Thermometers .sbmild also be jdaced in snilable wells or sneketa. tme 
near the inlet of the tmtii]) and another as close as ]>ossib1c to the water- 
outlet of the engine. These wells or pickets should l>c in pij>es that run 
full, so that water continually circulates alxmt them. They should he 
filled with oil or mercury, and careful readings taken at least three limes 
during each run. one of these times to be at beginning and one at end of run. 

In firdcr to afford a fixed liasis of comt>arison, it is recommcmlcd that the 
mitlet water tempera lure for engines Inr kejil at 175 degrees Fahrenheit 
plus or minus five degrees. Cmilrul of the fuillel temperature can be 
accomplished by thermostat located in the outlet line <»r by exieru.al control 
of (junntlty or temperutnre of inlet water. Where the thcniHistat or other 
c<»ollng water regulating devices arc stock, these may l>c attached and 
ojicraling during a test. 

In every case, inlet and outlet ccM*ling-watiT lemperaturcs should remain 
substantially constant and steady tbr<mgbiiu( a run. The tnasiimim allow- 
alflc varialioii in ccNiling- water temiHjrature shall lie ten degrees Fahrenheit. 

During friclkm-luir.seiMiwer runs it i.s desired to obtain the mean lem- 
licrature of tlie jacket water. If tlic water is ptnnp<ircnlated. the average 
of the inlet outlet temperatures may be taken. If thcrniosvphoii circulation 
is used, the water will not circulate noticeably during a frictum-horsepower 
run. The mean jacket-water tem]>erattire for such engines can lie taken by 
inserting thermometers into the jacket sjiace. the average of rea<liiigs lieiug 
taken. In every case of friclIon-horsetHiwer test, the test must be made 
immediately after the corresiHmding l>rake-borseiw>\vcr test, lieforc the en¬ 


gine has c<K>Ied. 

An air draft should be provided which approximates in amount and 
effect the air draft on the road with the car moving at a sjieed correspond¬ 
ing to the given engine speed. During frfctioii-hc»rse|>ower te.sls. of course, 
this air draft is shut off. in order not to cool the engine. 

J'or air-cooled engines, the air draft is of the greatest imj>ortance. 

Friction-Honepower.-^The approximate friction-horsepower of an en¬ 
gine can be measured l>est by means of an electric dynamometer, preferably 
of the cradle type. The dynamometer is used to drive the engine under 
test at various speeds, and the torque reaction is measured. This will lie in 
the opposite direction to that obtaining while the engine is driving the 
dynamometer, so that provision mu.st l)c made for measuring the torque on 
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both si<k*s the clynamomeler, or else suitable linkage must l>e provided 
to change the <lirectJ<m of the pull. The test for friction-horsepower should 
be luacJc iniinc<lialoly after the brake-horsepower test, before the engine 
has cooled, in tinier to kecj> the c<edition of the lubricating oil and the fric¬ 
tion of the parts the same as during the brake-horsepower test, ns nearly 
as possible. During this test the throttle of the engine should remain 
in the same jKi.silicjn as for tltc corres|x>m1ing brake-horsepower test. Com¬ 
pression-relief cocks slum Id remain closed .and all accessories, .such as mag- 
net<i, generator aiul puinjis. used during the brake-horsepower test, should 
l>c in o|>erntion. 

Indicated-Horsepower.^Approximate indicated-horsepower is obtained 
by adding to the brake-ht»rsepcnver at any given sjiccd the friction-horse- 
|)Ower <»l)tained at the same s)>ccd. 

If the f riel ion-horsepower and brakc-hnrsepower tests are Dt>i made at 
exactly the same .spmis, the frictiou-liorscj«‘\vcr at any given s^X'cd can be 
obtained fnun the friction-horsep(»wer curve plotted on the Curve Sheet. 
Tedious tn(cr|K>lntiou is Ibii.s avoided. 

If it is <lcsircd to correct the result.s, a standard barometric pressure of 
29.92 inches of mercury and a standard teni|»or.ilnrc of 500 degrees Absolute, 
which is the same a.s bO <legrces I'ahrcnlieit. shall lie used in tnaklng the 
correctnms. 

Correction l*<»nnu]a 


K 

JMIpc-a-llpo X —X 

\\ 

where 

b-Hj>ccorrected brake-horscixiwcr 

Ibilpo — observed brake-horsejMJwer 

P* = observed barometric pressure in inches of mercury 
|\ = standard iKiroinclric pressure <»( 2^K^2 inches of mercury 
To = observed absolute temperature in degrees Fahrenheit 
T« = standard absolute temperature of 520 degrees Fahrenheit 
Rules and Directions for Use of Forms 

Specification Sheet.—(.1) The ccun|ircssioii volume is the volume occu¬ 
pied by the charge when the piston is at the top (»f the compression stroke. 
To measure this volume with the piston on dead center at end of compres¬ 
sion stroke (with Ixjth valvc.s close<l) fill the C(>in])rcssi(m space fn>m a 
graduate containing a known volume of light oil. Care must l)e taken to 
correct for leakage. The hdal volume of the cylinder e<|uals the piston 
displacement phis the compression volume. Give compression pressure at 
speed of maximum torque, or at speed of standard .starter. 

(4) State number of cylinders cast integral, whether offset, type of 
cylinder head, whether water S|>acc is provided lictwcen adjacent cylinders. 

(6) State whether water or air-cooled. If the former, state whether 
pump or thermosyphon. Note if two pumps or thermtjstat arc used. Slate 
type of pump. Give the diameter of the fan. the numl^er and projected 
width of the fan blades and the ratio of the fan speed to the engine speed. 

(7) Weight of piston with rings and pin should include weight of bush- 
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SPECIFIC ATION SHEET—B. 

Name an<l Model ..Dale Test . 

Manufacturer . 

(1) * General Type .t'jrlc. 

(2) No. of Cyl....Bore...in, StrcAi*. m., PUitui i»cf Cvl.. ni in. T<it....C*u in. 

(3) Compression Vol. (V,) .cu- in.. Total V<»L of Cyl (V).ctj- in., 

Omtp. V<il. 

Compression B.atio rrr (**ifnp. PrcNsun*. Ih KiwRi'at. .r.p.m. 

T<.lal Vi.I. Y 

( 4 ) Type of Cyl Caslinu .. Mall . 

(5) Type t.f Vaivvs.laicainrti . 

(*6) OmllnR SyMcin . 

I'an I)ian)...h). No. of H]a<tcs..Projected Width..in. Ratio of Fan to Engine Spcc<l . 

(7) PisMn. T)pc . Mall. 

Wt. with Ri lie ^ mil I Pm.. Ik, I.enjsth .in., DiNtaiice Cniicrof Pin to Top of Pj>foii, in 

(H) Pivtnii*RjnKs. No. |>cr PishHi .Tyjw .Width .in. 

(0) Owmeciin^i^RiKl, Type . 

LchRtli, c. In r. .. .in. Wiicht. Vpikt ICnd ... .Ilk, Lowei End ... .Ih. Tidal ... .Ih 

(10) Piston-kiKl fteariiijSN Diam.m., Tot.il UuRtli ....in., Mall. I.oi‘nIIuji. 

(11) Connect( iik4<<kI IU*:irinRS. Diam. ....in., ..in., Mall.Tyi>c. 

(12) OanWImft hearings. No..Diams.Material... 

(13) (aiTihliaft Bnirhig.s, No. .Dbms.Material .Lengths . 

(14) Tyjic of Cams.Type of Valve-Lifters . 

(15) Inlet Valves. No. per Cyl.....o,d..,.iii., Port Diam....in.. Lift..in,. Scat Ajiglc..<lcR 

(16) Exhaust Valves. N**. ftvr Cyl...o.<l...,in.. Port Diatn... .in.. Lift, .hi., Scat Angle. .dcR 

(17) WiMRlit nf Valve Ki-eiproi'aijng Parts, Inlet.Ih. Exhaust.lb. 

(IH) Valve-Spring Teiisniii. Inlet Opcn...lh, Closed...11*. Exhaust Open...Ih.. Close<l..1h. 
(10) V^al VC •Timing, Inici Valve Opens.. .<lcg ..Top (*cnief, Closes .deg. after Low- Center 
F.xhansi Valve Dpens deg, More Lower Center, Closes . ileg....Top Center 
(2t)) Flywheel, od .in, Wciglil .... Ih. Moment of Inertia . 

(21) Weight of Engine .........Ih.. Including . 

CAKfiURimON 

(22) Cnrbiirch»r. Name and MikU-I .Num Size 

(23) Spccilicationa (Site of Nouks. eii ) .... . 

( 24 ) How Healcil. . 

(25) General Principles of Operation . 

(26) Description of luuke Pita* 


inNmoN 

(27) Name and Type of System. 

(2H) Type of Distributor . Firing Onkr . 

(2CI) Type of Breaker.Maximum Spark .NdvaiH'c .deg.. Retiird .deg. 

(30) Sparkplugs, Name ami Type . Sire.tn. 

(31) Ivocation.Gap .In. 


LnnkJOATios Svstfu 

(32) Type and Description ... 


Aetxssotixs 

(33) Accessories Atuclied Durine Test . 
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in^s, screws, or other p»5ton-pin fastening devices in the piston. Record 
all weights in prninds and decimal ])art5 thereof. In measuring length of 
piston and ilistance from center of pin to top of piston, deduct any chamfer 
or crown nl top of piston. 

Specify whether rings are c<»nccntrie or eccentric: give name, sketch 
or (lcsrri])lion of special ty)»cs. If oil-ring is used, state location. 

In fact, it IS necessary to fill out the spedficatIon sheet which follows 
in detail. Ilic data called for hv items nine to 21 inclusive are obtained 
from the working drawings of the engine for the most part. Items 22 and 
23 arc (ihtained from the carburetor mamifaclurer. 

(24) Stale if heated hy water or exhaust, and whether jiart or all of the 
air enteritjg carlmretor is heale<l. 

(25) Under "general pnncijdes id operatimi** gi\e descrlptii»n. (Wrnturi 
type w'lth single a<ljn stable ni»zxle and single a ns diary air-valve with one 
spring and siraiglit-tuhe type, bmr ium-n<ljustnhlc no;£z1es c<»niing into 
opera tirm Mucessively as air-Huw increases.) 

(26) r»y description and sketch. giNc general fi»rin. ajiproxiniate insi<]e 
diameters (d diiTerent portions. an<l speeily whieli. if any. parts are jacketed. 

(27) hi case cd two systems, stale which was used iti lest. 

(2*)) Slate if spark is fixed, or if spark cmitrol is automatic or manual. 
Maxiimim sjairk aihance and retard arc to he given in dcgrce.s of crankshaft 
rotation. 

(.50) Give material td insulation, iminher id s]iarking ]>iiinls on elec¬ 
trodes. 


(.11) In acldilion to exael hK alion in coinhnstion-chninhcr. state whether 
vertical, horizontal or inclined, and whether ]>lug extends intii cr)mlmstion- 
chandler. 

(32) Give the general type rd lubrication system (recirculating sjilash; 
force-feed and spray an*l eoiiiidele force-feed). Then dcserilw in detail 
action id .«5y.stcin and course taken by oil. Stale oil jirc.ssnrcs and type of 
pump used. 

(55) Give list and descrij>lion of accessories attached during the icsl. 


QVKSTHINS l-UK KKVIKW 
]. Wh.it Is ihc vrdue oF the iiiiHcalor? 

2 Why can mu Ihc same indicalur he used on steam engines and In^h-speed 
l^as rnMiUfs? 

.1. What is the principle nf ihc fan brake: nf lltc water brake? 

4 Why do Hir«cooled engines require special testing apparatus? 

5. What is Inctioii hurscpuwcr and How Is it determined? 



USEFUL DATA 


5 


Circumferences and Areas of Circles 

Oumeters from ^ inch to 9f inches 


Circum. 


.O490S 

.008)8 

.14720 

.1963.5 

.204.52 

.30270 

.40087 

..58006 

.68722 

.78540 

.88357 

.98175 

1 0700 
M781 
1.2703 

1 3744 
1 4726 
1.6708 

1 0690 
1 7671 
1 8653 

1 0635 

2 0617 
2 1608 

2 2.580 
2 3.502 
2 4544 

2 S5Z5 
2 6.507 
2 7480 

2 8471 

2 0452 

3 0434 

3 1416 
3.3370 
3.5343 
3 7306 

3 0270 

4 1233 
4 3107 
4.6400 

4 7124 

4 0087 
6.1051 
5.3014 

6.4078 

5 6641 
6.8005 

6 0868 


Ares 


Diam. Circum. 


.00019 
.00077 
.00173 

.00307 
.00600 
.01227 

.01017 
.02761 
.03758 

.04900 
.06213 
.07670 

.00381 

.11045 

.12962 

.15033 

.172.57 

.19036 

.22166 

.24K.50 

.27088 

.30680 

.33824 

.37122 

.40574 

.44170 

.47037 

.51840 

.55014 

.00133 

.64501 

.69<r2<.l 

.73708 

.7864 

8866 

.9040 

1.1075 

1.2272 
1 3530 
1 4849 
1.62J0 

1 7671 
1.9175 
2.0739 
2.2866 

2.4053 

2 5802 
2.7612 
2 0483 


4 

A 

1 

i 

I 

li 


>4 


A 

t 


*4 

ii 


if 



i 


6 2832 

6 4705 
6.6759 

6.8722 

7.0686 

7.2049 

7 4613 

7 6.576 
7.a540 

8 0503 
8 24IV7 
8.4430 

8 6394 

8 8357 
0 0321 

9 2284 
9 42H4 
9.0211 

9 8175 

10 014 
10.210 

10 407 
10 (i03 

10- 790 

10 990 
11.192 
11.388 

11 .585 

11 781 

11- 077 

12.174 

12 370 
12.566 

12.703 

12.a50 

13.155 

13.352 

13.548 

13 744 
13.941 

14.137 

14 334 

14 530 
14.726 

14.923 

15.119 

15.315 

15 512 


Diam. Circum. 


3.1416 

3.3410 

3.5466 

3.7583 

3.0761 

4.2000 

4 4301 

4 6604 
4.9087 

5 1572 
S 4119 
5 6727 

5 9390 

6 2126 
0 4918 

6 THl 

7 0686 
7.3662 

7 6609 
7 979H 
8.20,58 

0170 
.M6;^ 
9.2806 

0.G211 
0 9678 
10.321 

10 680 

11 04.5 
11.416 

11.70.1 

12 177 
12.566 

12 962 

13 361 
13.772 

14 186 
14 607 
15.033 
15.466 

15.904 
16.349 
16 HOO 
17.257 

17.728 

18.190 

18.665 

19.147 


A 

Va 

A 

ft 

H 

ft 

H 

W 


H 


H 

H 


8 


ft 

H 

H 


9 


H 


H 


15.708 
15.904 
16.101 

16 297 
16.493 
16.690 

16.B86 
17.082 
17.279 

17.475 
17.671 

17 868 

18.064 
18.261 
16.457 

18 653 

18 HTiO 
19.242 

19 63.5 

20 028 
20.420 

20 813 
21.200 
21.598 

21 991 
22.384 
22.776 

23.100 
23 562 
23.955 

23 347 
24.740 
25.133 

26.525 
25 918 
26.311 

26.704 
27.096 
27.489 
27.882 

28 274 
28.667 
29.060 
29.452 

20.845 
30 238 
30 631 
ai 023 


Area 


19.635 
20.129 
20.629 

21.135 

21.648 

22.166 

22.691 
23 221 
23.758 

24.301 

24.850 

25.406 

25.967 

26.635 
27.109 

27.688 

26.274' 

29.465 

30.680 

31.919 

33.183 

34 472 

35 786 
37.122 

38.485 

39.871 

41.282 

42.718 

44.179 

45.664 

* 

47-178 

48.707 

50.265 

51.849' 

53.456 

55.088 

66.745 
68.426 
60.132 
61.862 

63.617 
65 307 
67.201 
69.029 

70.882 
72.760 
74.662 
76 689 
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C. ■* FOUR CYCLE ENGINE 

iTroKe horse power CHART 

For power of twO'Cycle High Speed Types 

mo tors multiply resuMs by t.6S Low Speed Types 


Direction! for uiC'^Run vertical line from bore to diagonal representing stroke, then 
horuonuJIy to right till it intersects r.p.m. diagonal marked 1000 r.p.m.^hen ver* 
tically to diagonal representing r.p.m. determination it to be made at. then horisontally 
to right, reading Hp. directly In column showing number of cylinders. 








THE METRIC SYSTEM OK MKASURRMENT 

Measures uf Leiif^th 

1 Millimeter (mm.) =.0aK).W79 inch, or about 1/25 inch 

10 MilUnieters=l Cenfimcter (cni.)=.0-39.17079 inch 

10 Ccmimcti“r%=l Dcx'imeter (din.ls.3.9J7079 inch 

10 Oecimeterssl iiiclcr Hii ) —..1*M707*J mches, .liWWWJ Ivcl. ttr l.OO.ltil yards 

10 Mdcrsssl Dci'amcier (Ihn ..12K08992 fed 

10 \>ccnu\cwr%=\ lhn-iirtiicl«T (Him?-.10027817 rods 

10 nc\noiMcim::-l KiUrtiitiiT (Kiii)-= . . |(l*Uo1 yards, or 0<>213824 mile 

10 KiUimeterj.*--! MsriaiThlcr (Mm i— .. . 02I3R24 iniW 

I irich=2-S4 cm., 1 f€xHssU.3(M8 m. 1 yardn-fMiU-l in. I rtalssOfOJV iJm.. 1 luiless 
l,<i(l03 Km. 

Measiir<*N «•( WeijtUt 

I Cram (r )s 2 .15.4324874 jjr Tr.i>. nr 0 0,1215 n/ Tni>, ur (Mll.S27.108 or. avoir. 

in Mr.im'—I OecnRfAin <l)>; Irr ... . . Od.SJ^'M o*. avoir. 

Ill IhraRTsutis* I Miinieram (Ik* 1-• ... . .1 .S27.108 avoir 

10 lh*vtoj;ratii'-*IKil«»«rani t ke 1 . . . 23)4<i2l25 lh> 

IIHM KiU>urams: I 'I'lm t T »-.2Jm<i2l2.* Ihs. .a 11021 nf 2(HIII Ihs. or 0.0842 
lt>n of 2240 ||>^., or lOtiH 

I Rr.ilii=(MM8 u, I . 1 / .ivo>r-28.1'^ *•, I II.-0 4-5.9 • Ke. I Imi 2i*NnhH rT-0««l72 T, 1 ton 
>240 Ills Milo T. or luio K^ 

Mtaviirr« of Capacity 

1 l.ilcr (I )s£| cubic f If rmu'irrsrol 0270515 inihii' in. or 0ii.15.ll m. ft. 10567 liquid 
pis, or U^MIH <lr\ c |1 . or 021.417 Ninn v.il 
10 I.Mery=l O.fsilitcr <1)1 >=2«.4I7 ual. oi I 1.15 ph 
lu IVfulittrssI IlciiolMcr lill is‘2Kl7.5 l>ii 
10 11 ri*ii»lIters. I Kdolitri < K1 t oMt27ti5l5 >*11 111.01 2H.175 l.n 
I III f<juts28..1l7 I, I gallon. AiiH*r ^ 17K5 1. 1 llril ~ 1 54.1 1 


A ((INVKNIICNT Ml rklt CtJ\V1CUSU»N 

( ..ni]»il(d |j 3 i . W. Miinl 


M i I h I net ers X ai*».l7=i i n lu*s. 
Mi1liiiieler'i-.254=inclH's 
{ enimidersX ,l*M7s“im*lu*s 

(VuiinifkTs- 2 54=m. Ik's 

MelVlsXdO.l/sjMiclK's, ( \rl r.f C'lNlRTcss.) 
MdiTs/ .1 iSlsfid- 
MrU-fsXl IW4=.yaTds. 
Kd.rtndmX3*2i4s5niiles. 

K doiiH’Icrs •> 1 (rff^siiiilcs. 

K 1 1. .met ers X 3280.8=f«*l. 

.^i|uare MilliiiuiersX iiicIk's 

Sqi I a IV M 1 1 hi I K'tf r •< • - <45 2s sc|i larr tncl U'S 
Sf|iiarc Cciiiinu'lfrsX.155ssMiuarc iiH*l»rs. 

.^11 o. I r^* Cc nl niiei vrs ~ (>.452? si |ii.i rc ui 1 hr s. 
S(ui:nc .MrlcrsXl0.7(4=*Mjiijm* f«d 
S< I u .1 rc K 1 1< .n iri ers > ;247.1=ac rvs 
I lcrun*x2.47l=:acres. 

OiUic rniiimdcrs--16.387=cuhK* iiiHie'- 
1 ul)ic Centimeters-?-.! (i*)?—lUiul «lr:»ms 
< uliic Ccntimetprs—2*>..S7ii-rtmd »»iinces. 

( iihic .MdmX3S,114=ctil»u* feet 
Cubic MetrrsXl.308=enluV yards 
(iibic MetersX2(4.2=gallmis l2.1l mine 
inches). 

I.itirsXbl.023=cnbic inches. (Act <d Con» 
avKss.) 

i.UerNX33.84=fliiid otoices. 

CUfrsX'2642=811100* (2.11 enbie indies). 


l.iUfs .l7H5y:K.»lli«i< (31 cubic mches). 

I .ttifs . 28.117=rub k* fivt. 

Ihstoliti rss;.1.5,l|=cubir fed. 
Tltvltilrfrr>x2.8.18=biisheK (21.SO 42 cubic 

ilk Ik's). 

U « 1 o| 11 r rsV. 1 ,)08=r I lb ie y .1 rcls 
Inlo|iti*rs>'2<.42=R4Mons (Zll cubic in.). 
it anisX 15 432- uranis. (.Ail <vl (.'<uiRress. ^ 
•r.misXWl-* dyiK’v 
• rams >8.15 ti. unices a v - d rd up. .i s 
uok*X 7 . 17 . 1 = bint jmuiimK 

KiloRiaiiis * 2 204<.=]Miuiids. 

KiloRf.inis *[.15 27=oiiiua's avoirdupois. 
KikiKianis 907J=rtoiw (2,11)0 pounds). 
Kdoerams ]K'r Mpiare ecnt.XN 22.1=pounds 
IN'r sipiare incli. 

KiloKrauinMlrrsX723.1=foot lbs. 

KOo ikT .\literX b72=11 IS |M r foot. 

Kilo per Cubic MrtcrX*0l»24=llis \»tT cubic 

fiMlI. 

KilowattsXl 34T-lK«'S4'pr.wcr. 

S Vai l s 74(i=ho rMi*! • we r. 

W.ilisX 7 . 17 . 1 = f1 iurtinds per second. 
<.ih»riex30td«ll. T, U. 

41 leva 1 yat***'* f X -08(1.1= lu »i sr|K > wer. 

('in I i Rf a I If X1 8+32= 1 IrRree V a h renheit. 
CJravily I*aris5- 080.04 C’vufunder |>er i»ec. 










UNITED STATES UEFUUAI. MILUMETKK CONVERSION TABLE 


MiMiiiiiliT'* 


! 

2 

3 

4 

5 

6 

7 

8 
9 

It 

13 

13 

14 

15 

ir» 

17 

IK 

19 

20 

21 

22 

23 

24 

25 

27 

28 
2'» 


31 

.12 

.U 

.W 

35 

.Ml 

.t7 

.W 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


KciiiivjlcrU in IiicIh's 


0 0J9.17 
007K74 
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Pig. 53.—The Wright*Morehouse Air*Cooled Engine was Deigned for Light Air¬ 
planes and was of the Twin Cylinder Opposed Type. View at Top Shows Magneto 
and Carburetor Placing, that Below Shows Propeller Boss. 


CHAPTER VI 


ENGINE PARTS AND FUNCTIONS—CYLINDER ARRANGEMENT 

Engine Pirti and Punctiona^Vaivea and Their Use^Why Multiple Cylinder Engines 
Are Beat—Describing Sequence of Operations—Multiple Cylinder Advanugee— 
Pour Cylinder Engines—Six Cylinder Engines—Overlapping Impulses—Actual 
Duration of CyeuJar Functions—Eight and Twelve Cylinder Vee Engines—Ad¬ 
vantages of Vee Type Motors—Uniform Torque an Important Feature—Cylinder 
Arrangement Varies—Radial Cylinder Arrangements—Radial Arrangement Re¬ 
duces Weight—Early Roury Engines—Static Radial Engines—Considerations in 
Air-Cooled Radial Engine Design—Distribution of Mixture a Problem—Piston 
Design Considerations—Piston Side Thrust Varies—Piston Weights Important- 
Design of Commercial Cylinders. 

The principal HnnetUs <»f a are nnt difllrnlt to iintlerstand 

and their funcliniis are easily defined. Tn place of the liarrel of the gun 
fine has a sinonllily machined cylinder in wliicli a Mnall cylimlrical or 
liarrcNshape<l elrnienl fitting the ln»re clo<ely may he likened to a bullet 
or cannon hall. It dilTers iti thi> iniporlanl respect, however, while the 
shot is discharged from the infuuh of (ho caiincm tlic pt>toii memher sliding 
inside of the main cylinder cannot lease it, as its movements hack and forth 
from the open to the ch>se<l etid and hack again are liinitcil hy simple 
mechanical connection or linkage which comprises crank ami connection 
rod or some snlislitutc inechanism such as a wahhle plate in hurrehtype 
engines or a figure eight cam anci roller arrangement as in the Caniinez 
engine. Tt is hy this means that the reciprocating movement of the piston 
is transformed into a rotary motion of the crankshaft. 

Engine Parts and Functions.—The flywheel is a heavy memher attached 
to the crankshaft of an antomo))ile engine which lias energy stored in its 
rim as the memher revolves, and the momentum of this revolving mass 
lends to equalize the intcnnitlent pushes on the piston head produced hy 
the explosion of the gas in the cylinder. In aviation engines, tlie weight 
of the propeller or that of rotating cylinders in ratlial n»tary engines j)cr« 
forms the duty of a flywheel, so no sejiaratc memher is needed. As the 
iiund>er of cylinders and the overlapping of the explosive impulses becomes 
more noticeable, less flywheel weight is needed and in eighl-cylin<ler auto- 
iur»hilc engines, the flywheel is nnich lighter than in four- or six-cylinder 
forms. FIVwheels are not used with aviation engines except in some din- 
gild e powerplauts where a clutch mechanism jierforms that function. Even 
simjde two-cylindcr forms, a.s the Wright Moorehousc shown at Fig. S3 
<iepend entirely on the propeller. 

If some explosive is placed in the chamber formed by the piston and 
closed end of the cylinder ami expliKled, the piston would lie the only part 
that would yield to the pressure which would produce a downward move¬ 
ment. As this is forced down the crankshaft is turned by the connecting 
rod. and as this part is hinged at both ends it is free to oscillate as the 
crank turns, and thus the piston may slide hack and forth while the crank¬ 
shaft is rotating or describing a curvilinear path. The arrangement of the 
pistons and connecting rods of a iwo-hatik or Vee-engine is shown at Fig. 
54, Both pistons impart their pressure to the .same crankpiu. Even when 

1C3 
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cylinders are arranpecl in three banks, or \V form, as in the Lorraine 450 hp. 
molor shown at Ki^j. 55, a set of master connecting rinls is used, joined to 
the pistons in the vertical cylinders. The tH>wer from the pistons in the 
inclined cylinders also is iiniiarlcd to the bij; end of the master rod by 
means of link rods as is clearly in<licaied. 

Valves and Their Use.—In a<l<lition to the simple elements described 
it is evident that a Kasolinc-en^intJ must have other parts. The most im- 
])ortant of these are the valves, td which there are generally two to each 
eylintler though in some engines. ft»nr tuay be use<l. One closes the passage 
connecting to the gas supply and <*pens during one stroke of the piston in 
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Pig. 54.~TraMver«e Sectional View Through Cylinders of Liberty Airplane Engine 
ii a Good Example of a Practical Though Obaoletcent Water-Cooled Vee Type Hav- 

ing Overhead Valves and Camshaft. 
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Fiff. SS.^Trfeiuverie Vkw of Lornine **W" Type Twe1ve*CyUnder En^e Showinc Arrangetnent of Principal Parts. 
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order to let the explosive gas into Ihc combustion chamber. The other 
member, or exhaust valve, serves as a cover for the opeuing through which 
the burned gases can leave the cylinder after their work is done. The 
spark]dug Is a simple device which may be com]>arc(] to the fuse or percus¬ 
sion cap of the cannon. It permits one to produce an electric s])ark in the 



cylinder when the pist<»n is at the best jwint tn utilize the pressure which 
obtains when the comprcssc<l gas is fired. The valves are open one at a 
time, the inlet valve being lilted Inuu its scat while the cylinder Is filling 
and the exhaust valve is oiwncd when the cylinder is lieing cleared. They 
arc normally kept seated by nieaii.^ ol coin|»ression springs. In the simple 
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motor previously shown at Figs. 18 and 19 to show principles, the exhaust 
valve is operated by means of a pivoted bell crank rocked by a cam which 
turns at half the si>eed of the crankshaft. The inlet valve oi>crates auto¬ 
matically, as will be explained in projier .sequence, a system now obsolete. 

In order to obtain a perfectly tight comljusllon-chamber. both intake 
and exhaust valves are closed before the ga.s is ignited, because all of the 
pressure |jr<jduccd by the exploding gas is to be directed against the top 
of the movable piston. When the piston reaches the boUom of its power 
stroke, the exhaust valve is lifted by means of a boll crank or a push rod 
which 15 rocked because of the ]h»inl nr lift on the cam. The cainsh.aft is 
driven by positive gearing aiul revolves at half the engine spee<l in cmiven- 
tronal in-line engines. The eslianst valvo remains oi»en during the whole 
of the return stroke of the piston, ainl as this member moves toward the 
closed end of the cylimkT it fc^rces <iul burned gases ahead of it, through 
the jiassage contrc^llcd by the exhaust valve. The caiusliafl is revolved at 
half the engine sj>eed in C(Mt vent ion al four-cyclc engines where cylinders 
arc in line because the exhaust valve is raised from its scat during only one 
stroke out of four, <jr only once every two revolutions. Obvhmsly. if the 
r.im was turne<l at the same spee<l as the crankshaft (he valve would remain 
open once every revolution, whereas the burned gases are expelled from 
the iiidividiiHi cylinders only once in two iurns c»f the crankshaft and the 
scavenging valve slumld be open only during the cx|uilsicm or exhaust 
slnike. Tlie speed of the cum.sliafl or cam arrangement depends entirely on 
ifie cylimkT arrangement and in static radial engines, (he camring rate of 
n»tu(ion dei^eiids on the number oF cylinders and lobes on the camring as 
svili be ontlined later. In airplane engines, the valves are usually placed in 
the cylinder head aiul in nn»>l recently desigiieil juAverplaiils the camshaft 
is curried above the cylinders and ks driven bv bevel gearing as shown at 
I'ig. 55. 

Why Multiple-Cylinder Forms Arc Best.—Owing to the vibration which 
obtains from the heavy explosiim in the large single-cylinder engines 
used for stationary ])o\ver other k»rms were evo)ve<l in which the 
cylinder was .smaller, two or more were iise^l, and iMiwer obtained 
hy running the engine faster, because .single-cylinder engines are suit¬ 
able otdv fi»r very low j>i»wers. When a .single-cylinder engine is 
employed a very heavy dywheel is iieeiled to carry the moving parts 
through idle slrcjkes necessary t<i «»btain a ixAvcr imt)utsc. For this reason 
automobile and aircraft designers must use tnc)rc than one cylinder, and 
the tendency is to produce power hy frequently occurring light impulses 
rather than by a smaller nninhcr of cxjilosions having greater force. When 
a .single-cylinder motor is emidi»vcd the construction is always heavier than 
is needed wdth a inultiple-cylimlcr form delivering more power. Using two 
f»r more cylinders conduces to more steady power generation and a lessen¬ 
ing of vibration. Most nio<lcrn motor cars employ six-cylinder engines be¬ 
cause a power impulse may be secured three limes every revolution of the 
crankshaft, or a total of six (jower strokes <luring two revolutions. The 
l)arts are so arranged in a four-cylinder engine that while the charge of gas 
in one cylinder is exjdoding. those which conic next in firing order arc com¬ 
pressing, discharging the inert ga.ses and drawing in u fresh charge rcspec- ^ 
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tively. When the penver stroke Js cfnii|ilefe<l iir one cvlirulcr of a four-in¬ 
line engine, the piston in that niember in wJiich a charije of g'as lias just 
been conipresse<l has reached the top o( its .strc*ke an<l when the is ex¬ 
ploded llic piston is recf|)r<K*alcd aii<l keeps the crankshaft lunnng:. When 



Pif. 57.»Diafnm Illustrating Sequence of Cycles in One- and Two-Cylinder Enalnee, 
* Showing More Uniform Delivery of Energy on Crankshaft with Two-Cylinder Motors. 
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n iTiultiple-cyluider engine ts used f(ir aulomofule.s the flywheel chh he made 
much lif^htcr xhau that nf the simpler form and elitninatcd alto^^cther in 
some dcsipis. In fact, many nnidorn imilliple-cylifuler cn>;incs designed 
for aviation <lcveIopinji horscpcwver wcikIi less than the early single- 
and douhle-cylintler h»nns winch develo|>ed tuit oue-tcnlh or one-lwenticlh 
that amount of enerRy. Two-rvlnulcr opjmsed engines as the Mercedes and 
Wright-Moorchinisc are cniphi\cd only l»y tnakers of small airplanes re¬ 
quiring a niaximuni of 30 horsepower because at higher power ratings l>vo- 
cy litulcr engines have a drcidcdly mifavnrahlc weiRhl-1n>rsepo\ver ratio and 
also run \vilh cniisiderahle vihratuni hreanse <d the heavier explosions 
necessary t«* obtain power with a small number of cylin<lers. Thrcc-cylindcr 
engines are the nest slej* when iimre power is retpiired. Engineers seem 
agreed that on small engines of the air-ciMded form from 20 to 25 hp. per 
cylincler is a desirable tnaslmnin and even less if five f>r more cylimlers are 
employed. The English Cirrus engine, one of the most successful four- 
cylinder engines yet evidved luis a maxnmini |v»w'cr tlelivery of twenty 
luivscpower per cylincler at 2.t>tt0 r p.m. 

Describing Sequence of Operations.—Referring to Fig. 57 A, the sc- 
f|nence of operation in a Miigle-c>Inider motor can be easily understood. 
Assuming that the craiik'^liaft is turning in the direction of the arrow, it 
will be seen that the intake stroke c«»mes first, then the mmiiression, which 
IS followed hy the power iiiijinlsc. and lasilv the exhaust stroke. If two 
cvluiciers are used, it is |>ossible to space the c.splosions in such a way that 
nue will occur each revohilion. 'I'his true with either one of two forms of 
four-cycle nu»l<irs. At lb a Iwo-cyhnder vertical engine tisiug a crank- 
‘'haft m winch the craiikpMi> arc on (lie same ]daue is shown. The two 
pisloijs move up ami chiwn simnhancoiisly. Referring to the diagram de¬ 
scribing the Strokes, and assiiniiug that the outer circle represents the cycle 
of <jperati<iiis in one cylinder while the inner circle represents the sequence 
of events in the other cylinder, while cylinder No. 1 is taking in a fresh 
charge of gas. cylinder No 2 is cxphnling. When cylin<ler No. 1 is com- 
pre.ssiiig, evlmder No. 2 is evliaiisimg. During the time that the charge 
HI cylimler No. I is exploiled. cylinder No. 2 is being filled with fresh gas. 
While the e.xhnusl gases are being dischargc<l frcjin cylimler No, 1. cylinder 
No 2 IS Compressing the gas previously taken. 

J'hc same condition obtains when the craiik|ims are arranged at 180 
degrees and the c\ finders arc iqiposed, as shown at C. The reason 
that the tw'o-cylinder op|iose<l iiioinr is im»ri: ])u]mlar than that hav¬ 
ing two vertical cylimlers cylinders in \ ce form is tlial it is diflicult 
to balance the construction shown at H. so that the vibration will not be 
excessive. I'he two-cylmder opjxised motor has much les.s vibration than 
'he other form, ami a.s the cNjdosiotis 4»ccur evenly and the motor is a simple 
one to construct, it has beeti very ]Hqni1ar in the |iast on light cars and has 
received somewhat hnulcd ai*plicalion oil some light airplanes. In the two- 
cylinder vertical form, the cranks may be at 180 degrees, one piston going 
up while the other is going flown hut the explosions occur at unevenly 
‘'Paced intervals, that in one cylin<lcr immcfliatcly following the power im¬ 
pulse in the other, then there is a complete revolution without a power 
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impulse. If the engine is io explosive balance it is not in even reasonably 
good mechanical balance, and vice-versa. 

Multiple-Cylinder Advantages.—To rlcmonslratc very clearly the ad¬ 
vantages of multiple-cylinder engines the diagranis at Fig. 58 have been 




fitU SeCttMtf 



Fig. Sa.-^Duigramt Demonstrating Clearly Advantagei which arc Obtained u Regardc 
Uniform Power Application When Multiple-Cylinder Motors are Uiod. 
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prepared. At A. a three-cylinder motor, having crankpins at 120 de¬ 
grees. which means that they are spaced at thirds of the circle, we 
have a form of construct ion I hat gives a more even turning than that 
possible with a two-cyliu<kr engine. Instead of one explosion per revolu¬ 
tion of the cranksliaft, one will obtain three explosions in two revolutions. 
The manner in which the explosion strokes occur and the rnmnier they 
overlaj) strokes in the other cylinder is showni at A. Assuming that the 
cylinders fire in the following order, first No. 1. then No. 2, and last No. 
.1. we will see that while cylindtT No. 1. retiresenled by the outer circle, is 
on the pi»wer stroke, cylinder No. 3 has completed the lust two-thirds of 
its exhaust stroke and has started nn its inlake stroke. C*yliuder Nu. 2, rep¬ 
resented by the middle circle. <lnriiig this same perioil has c<»in]>leted its 
intake stroke and two-thirds of ils compresskm stroke. A sliuly of the 
ihagruin will show that there is an a]>preciable lajise <d lime between each 
exphision, Threc*c> luulor engines are nut widely use<l on aircraft at the 
jireseut time. Ihougb Hleriols flight acr«»ss the Hritish Channel was iiia<le 
with a tliree-cylimler Anzaiii tnoti»r. Il was not a conventional form, h<»w- 
eser. The threc-cylimler engine is pruclicaby <»bsolele at this time in the 
ihree-in-line form uml when iiseil it is a static rn<lial of V form as exempli- 
liecl by the Anxani. S/ekoly ancl I.e lUuiid designs. The Tin e-o limler static 
radial can be made with a more favorable weight-horsepower ratio than 
the three-cylinder form and Is innoh smiHdluT running, so this type will 
uiubiuhledlv be used in apjdicaliuns that cannot he met by the fniir-in-liue 
such as the Cirrus. 

Four-Cylinder Engines.*—In the four-cylinder engine operation which is 
shown u( h'lg 58 It. il will be seen that the p»«wcr strokes follow each other 
without loss of time, and one cylinder begins lo fire and the jnston moves 
clown jn.st ns s*niu as the iiienil»er ahead of it has Coiii]ilete(l it.s ]>ower 
stroke. In a four-cylinder four-cycle motor, the crank(iins arc placed at 
IhO degrees, or oil the halves of the crank circle. The crankpins for 
cylinders No. I nn<l No. 4 are on the same jdatic, while those for 
cylinders No. 2 and No. ^ also move in unison. The diagram clescribing 
secjuetice of operations in each cylinder is based on a firing order of one, 
(wo. four, three- The «mter circle, as in jirevious instances, represents the 
cycle of oiieralioiis in cylinder intc. The next one toward the center, 
cylinder No 2. the third circle rc]ire--.ents the secpieiice «»f events in cylinder 
No while the inner circle oulfincs the stnikes in cyliiidcr four. The 
various cylinders are working as folKnv.s: 


1 

Explosion 

Exhaust 

Intake 

Compression 


2 

C'ompression 

Explosion 

]*!xhausl 

Intake 


3 

Exhaust 

Intake 

Compression 

Exphision 


4 

Intake 

Compression 

Explosion 

Exhaust 


• It will be obvious that regardless of the method of construction, or the 
number of cylinders employed, exactly the same number of parts must be 
used in each cylinder assembly of a given design and one can conveniently 
consider any multiple-cylinder iK>werplant where the cylinders are in line 
as a series of single-cylinder engines joined one behind the other and so 
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coupled that one will deliver power and produce useful cnerjjj' at the crank¬ 
shaft where the other leaves otT. 1'he same fundamental laws g^overning 
the action of a single cylinder obtain when a nnmber are om|>}oyed. and 
the sequence of operation is the saiiic in all nicmlKTs, except that the neces¬ 
sary functions take place at dilTerent tunes, if. for instance, all the cylin¬ 
ders of a four-cylintler motor were fired at the same time, one would obtain 
the same efifect as though a one-piston engine was used, w hich had a piston 
displacement e(|ual to that of the four sinaIkT inemhers. As is the case 
with a siiiglc-cyllmler engine, the nioior woiil<| he <»ut of correct tncchanicul 
balance because all the c<»nnccting' rods would bo placc<l on crank pi ns that 
were in the same jdanc. A \rry large flywhed would be necessary (o curry 
the pistons througli the hllc strokes, and large balance weights would he 
fitted to the crankshaft in an elT<»rl to etimpeiisate for the weiglU of the 
four ]Mstons. and thus reduce to <^nnie extent the vibra1i»ry stresses winch 
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4 Cyhnrtcr 


HaJ trt\ C 

Arran yenuoU 

Two Sets of Oppo;>c (I CylinJcr^ 





Pi^. 59.—Showing Three Possible. Though Unconventional. Arrangements of Four- 

Cylinder Aircraft Motors. 

obtain when purls arc iml in c<»rrect balance Tl will be c\i«lenl thn1 nothing 
would be gained by sncli an arrangenient over usings one large cylindcT. 
Not only would there be no advantage by using four cylinders firing in 
unison hut there would be more loss of heat and more ]><iwer consumed in 
friction than in a one-piston nudor id the same cai>aeily. This is the reason 
that when four cylinders are used the arrangement of craukpins is always 
as showm at Fig. 58 11—i.e.. two pistons are np, while the other two are at 
the bottom of the stroke. With this construction, wo have seen that it is 
possible to string out the explosions si> that there will nearly always he one 
cylinder applying power ti* the crankshaft. 1'he cxph>sions are spaced 
equally. The parts are in ciirrect mechanical balance because two pistons 
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are on the upstroke while the either two are clcsccneliii^. Care is taken to 
have one set of movinj; mem hers wei^h exactly the same as the other. 
With a foiir'Cylindcr engine niic Itas a rensonahly pHicl nieclianical balance 
and fairly conlluuotis ajijilicalicm of energy. Owiiij; l<» the lead piven the 
exhaust valve, Imurwr. the innittlses do not meet :ui<l there is an api)reci- 
ablc an*;ular distance in the crankshaft rotation where no pressure is lieing 
aiiplied to the crankshaft. This curres])onds to a jnslon travel of from 
i>iie'Ci)^hth to one-fifth of the stroke. C)uin^ to the small angular travel 
of the crank I im when near l>oll<im center, iml as mnch juiwcr is lust by 
early ujiening of the exhaust \alvc as nn^dit appear at first thotii'ht. 



Fig. 60.-^ne of the Most Successful Pour-Cylinder Air-Cooled Enginee Built for 
AirpUne Use. The A.D.C. Cirrus Mark 11 Weighs 280 Pounds, and Delivers 80 

Horsepower at 2,000 H.P.M. 

This setjnciicc of jiower iiiiimlses in a fonr-cylindcr insures a smoother 
running mol nr which has cater cfiicieury than the sinii*lcr one-, two-, 
and Ihree-cyhnder forms p^c^i 1 m^^y described. k'Hiiiinnl.ntT Hh* stresses 
which would obtain if wc had an unbalanced ineohani'sm and irrepnlar 
; 'iwer apjilicalion makes for li>n;jcr life. Ohviou.*«ly a lar^e numlicr of rela« 
lively li^dil explosions will tir(nlncc less wear and strain than would a lesser 
number of powerful ones. As llic parts can he built lijjhter if the explosions 
are not heavv, the engine can he ojierated at hij^her rotative sficcds than 
when large and cumhersomo inemhers arc utilized. Four-cylinder engines 
intended for aviation work have hern built according to the designs shown 
at Fig. 59. but these forms arc uiiconvciiluinal and seldom if ever used. 
The usual form is shown at Fig. fjO, atul here again the English A. D. C. 
Cirrus engine is presented as a modern example of thoroughly sound de* 
sign. The large power range given dc]>etids ufion the factor of rotative 
speed, as the engine can he operated successfully at from l.OOO to 2,000 
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r.p.rn. and gfeared forms have been devised which show an even hij^her 
r.p.m. and |>o\ver output. The .simplicity of this air-cooled powerplant and 
ruggedness of the parts nuike for einhirance and reliability. 

Six-Cylinder Engines.—'I'he six-cylinder lyi>e of motor, the action of 
which is shown al hig. C. is su|>enor to the four-cylinder, inasmuch as 
the power strokes overlap, and instead of having two cxpl4»sions each re¬ 
volution we have three explosions. The conventional crankshaft arrange¬ 
ment in a .sTx-cylindcr engine is just llic same as though one used two three- 
cyliuder shafts fastciic<l together, so pistons one and six arc on the same 


THC A^mCATION OF ROWCH IN tHC «ra-CVLINOCN MOTOe 







THC ANM.ICATIQN OF PQWC^IN THC FOON^LINDCN MOTOR 
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Pig. 61.—DUgrame Outlining Advantages of MuItipU'Cylinder Motors, and Why 
they Deliver Power More Evenly than Single-Cylinder Types, which are Seldom Used 

Today Eacept for Very l^w Power Outpuu. 


plane as are pistons two and five. Pi.slf>ns three and four also travel ten 
gether. With the cranks arrangvtl as outlined at big. 5S C. the firing order 
is one, five, ihreoi six, two. four. The manner in which the power strokes 
overlap is clearly shown in the diagram. 

An interesting c<nnpari.son is also made in the diagrams at Fig. 61, in 
the upper corner of I'ig. 59 C and m diagram at Fig. 62. A rectangle is 
divided into four columns: each of these corresponds to 180 degrees, 
or half a revolution. Thus the first revolution of the crankshaft is 
represented by the first two columns, while the second revolution U 
represented by the last two. Taking the jKirlion of the diagram, which 
shows the power impulse in a one*cylindcr engine, we see that during the 
first revolution there has been no power imtmise. During the first half 
of the second revolution, however, an explosion takes place and a power 
impulse is obtained. The last portion of the second revolution is devoted 
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to exhausting: the bunied rascs . so that there are three idle strokes and but 
one power stroke. The effect when two cylinders are employed is shown 
immediately below. 

Overlapping Impulses.—Here we have one explosion during the first 
half of the first revtdution In one cylinder and another during the first half 
of the second revidution in the other cylimler. With a four-cylinder engine 
there is an explosion each half revolution, while in a six-cylinder engine 
there is one an<l one-half explosions <lnring each half revolution. When 
six cylinders are \x>v*\ there is no lapse time between j«i\ver Impulses, 


ff^r o f i% Im Si» < \ 



|>f ONC CYCLR :»*H Vrvoli>n, 



Fig. 62.—Diagrams Showing Duration of Events for a Four-Stroke Cycle, Six-Cylinder 

Engine. 

these overlajj and a continuous and smooth-turning movement is im¬ 
parted to the crankshaft The diagram sh<»\vn at Fig. 62, prepared by E. 
K Pulley, can be stmlied to atlvantage in securing an idea of the coordina¬ 
tion of effort that takes place in an engine of the six-cylinder type in which 
actual valve timing is considered ajid Its effect on the overlapping power 
strokes due to exhaust valve lead is shown. 

Actual Duration of Cycular Functions.—In the diagrams previously pre¬ 
sented except in that prepared by K* P* Pulley and shown at Fig. 62 the 
writer has assumed, for the sake of simplicity, that each cycular function 
In any given cylinder takes place during half of (»ne revolution of the crank¬ 
shaft, which corresponds tu a crank pin travel of 180 degrees. The actual 
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duration of thcs>e functions is somewhat different because modern high¬ 
speed engines call for much different valve timing than the earlier types 
did. For example, the inlet stroke usually requires an angular travel of 
the cranki>in a trifle more than a half revolution, and the exhaust is always 
considerably more. The diagram showing the comparative duration of the 
strokes in an auttnnf»l>ile engine is shown at Fig. 63. The inlet valve opens 
ten degrees after the piston starts to go down and remains open 30 degrees 
after the piston has reached the botumi of its str<»kc. This means that the 



Pig. 63.^DiagTani5 Showing Actual Duration of the Cycular Functions in Degrees of 

Crankshaft Travel 

suction stroke corresponds to a crankpin travel of 200 degrees, 
while the compression stroke is measured by a movement of but ISO de¬ 
grees. It is cimnnon practice to oj»cn the exhaust valve before the piston 
reaches ibc end of the |>owtT stroke so that the actual duratitm of the 
power stroke is about 14(1 degrees, while the exhaust stroke corresponds to 
a crankpin travel of 2i.'i degrees. In this <baurain, which reiircsents proper 
time for the valves to open and close, the dimensions in Indies given are 
measured on the flywheel or special timing plate, and apply only to a cer¬ 
tain automobile motor, If the flywheel were smaller ten degrees would 
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take up less space on the clrcmnfercnce than the dimensions given, while 
if the flywheel or timing index plate was larger, a greater space on its cir¬ 
cumference wouhl re|>rt*seul the same crank]*in travel. Aviation engines 
are timed by using a tiining disc. j>rojK‘rly marked off, attached to the crank¬ 
shaft as they are not jirovKled with flywheels. Obviously, the distance 



ttKVotu 1 ion . 

Pin. 64.^Another Diagram to Facilitate Understanding Sequence of Functions in 

Six-Cylinder Engine. 


measured in inches will <le]wnd uinhi the diameter of the disc, though the 
iiumhcr of tlcgrccs interval wcuiUI m»t cliange. and is iiidciiemlent of the 
nrcumfcrencc of llu* ilisc. This \s hecauNC a small circle lias the same num- 
her of degrees. (3tiU) as a large circle. The liming disc can he markeil otT 
m degrees or inches and grealer accuracy of 1 lining is ohlaine<l hy using a 



Fig. tS^Tht Six-Cylinder Water-Cooled Junkers L5 310 Horsepower which was Used 
by the Bremen on the Tranutlantlc Flight. The Bore is 6.30 Inches and the Stroke 
ia 7.50 Inches. The Compression Ratio is 5.5. The Weight of the Engine Dry is 693 

Pounds. 
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large (Ii.sc because the space between degree lines is greater than on the 
circumference uf a small diameter circular plate. As all engines require 
(UfTereiit timing, a disc marked off in inches for one engine cannot be used 
with another of difTcreut design or make, though if marked ofT or graduated 
only in degrees It can he used on various engines by following the timing 
instructions of the varitius timkcrs. 
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Fig. 66.~The B.M.W. Six^Cylinder Water-Cooled Aviation Engine has a Dry Weight 
of 698 Pounds and Delivers 39$ Horsepower at 1.900 R.P.M. 

Eight- and Twelve-Cylinder Vee Engines. 'I’liusc who have followed 
the drveloj>mciit of tlic auUnnolivc ga'^olmc-cnglnp will recall the argu¬ 
ments that were made when llie siH-cylindcr nn»lor was intro<luced at a 
time that the four-cylinder ty|>e was considered standard. 

The arrival of the etght-cyhiuler crcalerl im similar futile drsciission of 
its praclicabiliiy as this is so clearly established as lo be acceiUcd without 
question. It has been a standarrl powerpinnt for airplanes for many years, 
early exjionenls having been the Antoinette, the Woolslcy. the Kenaull, the 
Hispanc-Sniza. the K. N. V. in Eurojje and the Curtiss in the United States. 
The six-cylinder-in-liiic is a very satisfactory form and has been used more 
in Kuro)>e than in the United Slater. It is found princiimlly in the water- 
cooled form and in horseiniwer ratings of from 200 to 40t). though the aver¬ 
age is nearer 300 than in the greater fxuver.s. The Junkers L 5 engine 
shown at Fig. 65 is interesting because it was the powcrplant used by the 
Junkers **Bremen" plane piUited by Captain Koehl. Major Fitzmaurice and 
Baron Von Huenefeld, in the first Wc.stward crossing of the Atlantic, It 
Is a very good example of straightforward honest design and its dry weight 
of 2.47 lbs. per horsepusver is very favorable. Another six of larger horse- 
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power ts shown at Ftg. 66, this also hein^ an excellent example of the Ger¬ 
man school of desi^n. 

Advantages of Vee-Type Motors.—The reason the Vec-type shown at 
Fig. 67 A, is favored when nu>rc than six cylinders arc used is that the 
'*all*in-line form'* which is slu>wn a I Fig. 67 B is not as practical for air¬ 
craft because of its length. Compared to llic standard four-cylinder engine 
it is nearly twice as li»ng and il rc«|iiiros a in itch stronger and longer crank- 
^haft» as well as more crankshaft hearings and a heavier and longer crank¬ 
case. It w'ill he evident llial it conhl imt he h>cated to a<lvantagc tn the 
normal airplane fuselage withoiii haiing un excessive frontal overhang. 



Fig. 67.—Types of Eight-Cylinder Engines Showing the AdvanUges of the ‘‘Vee 
Method of Cylinder Placing. An Eighl-in-Line Would be too Long for Convement 

Installation in Airplane Fuselage. 


Tlicsc umiesirahle factors are eliminated in the Vee-typo eight-cylinder 
motor, as il consists of two M<K*ks of four cylinders each, so arranged that 
riiip set or block is at an angle <»f 45 degrees from the vertical center line of 
the motor, or at an angle of W degrees with the other set. This arrange- 
imni of cylinders piodures a imdor that is no longer than a four-cylinder 
engine of half the power wonhl he. and the coinpacliiess permits of using a 
shr»rter fu>clagc ami lighlcr engine mounting than is possible even with 
a six-in-lmc. An excellent example of an eight-cvliiider Vec-engine is 
given in the photographic reproductions at Figs. 68 and 69. 

Uniform Torque an Important Feature.—Apparently there is consider¬ 
able misconception as to the advantage of the two extra cylinders of the 
eight- as compared with the six-cylinder. It should he home in mind that 
the multiplication in the number of cylinders noticed since the early days 
of automotive <lcvclopmcn1 hu.s not been solely for increasing the power 
of the engine hut to secure a more even lurning movement, greater nexi- 
bility and to eliniinale drstriictive vibration. The ideal internal-combustion 
motor is the one having the must uniform lurning movement with the least 
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Fig. 68.«Propcner End oi Wright Eight-Cylinder Wnter-Cooled '*Vee*' Engine with 

Cylinderi Ca>t in Blocks of Pour. 


CsfbureM 



Fig. 69.«Magneto End of Wright Eight^Cylinder Water-Cooled Engine, a Modern 

Rehnetnent of the HUpano-Suisa of War«Time Fame. 
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cukvics 

jnechantcal friction loss. Study of the lonjuc outlines nr plotted ftraphics 
shown at Fig*. 70 will indicate how nmltitdication of cylinders will produce 
steady power delivery due to overlapping; impulses. The most practical 
form would be that which more nearly conforms to the steady running pro¬ 
duced l>y a steam turMne or electric m<»U»r. The ad vibrates of the eight- 
cylinder engine bring uj) the ilciii of uniform tt>n|uc as one of the most 
important advantages of the eight-cylinder dc-sigm. A number of torque 
diagrams are showm at Fig. 70. While these apjicar to he deeply technical, 
they may he very easily followed when their i>nn>osc is explained. At the 
top is shown the tunjue tiiagram of a single-cylinder m<»tor of the four- 
cvcie type. The high ptiiiil in the line represents the perio<l of greatest 



Pig. 70.—Curves Showing Torque of Various Engine Types Demonstrate Graphically 

the Marked Advantages of the Eight>CyUnder Form. 

torque or power generation, and it will he evi<lent that this occurs early in 
the first revolution of the craiikshafl. llelow thi« diagram is shown a simi¬ 
lar curve except that it is pro<luce<l by a four-cylinder engine, Inspection 
will show that the tiiniing moment is much more uniform than in the 
^ingle-cylind€r: similarly, the six-cylin<ier <liagr.itn is an improvement over 
the four, and the eight-cylinder diagram is an improvcinciit over the six- 
cylinder. 

The reason that practically ctmliniious torque is obtained in an eight- 
cylinder engine is that one cylinder fires every 90 degrees of crankshaft 
rotation, and as each impulse lasts nearly 75 per cent of the stroke, one 
can easily appreciate that an engine that will give four explosions per 
revolution of the crankshaft will run more uniformly than one that gives 
but three explosions per revolution, as the six-cylinder doe.s, and will be 
twice as effective in promoting smooth running as a four-cylinder, in which 
but two explosions occur per revolution of the crankshaft. The comparison 
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is SO clearly shown in graphical diagrams and in Fig. 71 that further de¬ 
scription is unnecessary. 

Cylinder Arrangement Varies.—Any eight-cylinder engine may he con¬ 
sidered a “twin-four/’ twelve-cylinder engines may he considered "twin- 
sixes/* unless the arrangement is such that there are three hanks of four 
cylinders each in W form instead of two hanks of six cylinders each. The 
Liberty engine^ shown at Fig. 72 an<l the Curtiss twelve-cylinder at Fig. 73 
may be considered good examples of twin-six engines. A very good ex¬ 
ample of a W-type Iwclvc-cylindcr engine of the water-cooled form is out¬ 
lined at Fig. 74, this showing the usual arrangement of the three banks of 
four watcr-cjMdcd cylimlers each sr» all cylinders are above the crankshaft. 



Pig. 71.—Diagrams Showing how Overlapping Power Strokes, Due to Increased Num¬ 
ber of Cylinders, Makes Engines have More Uniform Power Delivery'as the Cylinder 

Number is Increased. 

This motor is the Hispano-Suiza of French manufacture. The longitudinal 
section of the Lorraine 450 hp. motor at Fig. 75 taken through the vertical 
bank shows how the construction approximates the four-cylinder motor 
except for the connecting rod arrangement (shown at Fig. 55) and the 
duplication of valve operating mechanism. 

The only points in which an eight-cylinder motor or a twelve-cylinder 
W motor differs from a four-cylinder ij* in Ihc arrangement of the connect- 
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ing rods as in many desi^s it is necessary to have two or three rods work¬ 
ing from the same crankpin. This difficulty is easily overcome in some 
designs by staggering the cylinders and having the two connecting rod big 
ends of conventional form side hy side on a common crankpin. In other 
designs one rod is a forked form and works on the outside of a rod of the 



Fig. 72.<— Side View of Liberty Aviation Engine. 



Pig. 73.-«CurtiM Twelve-Cylinder ^'Vee** Engine is e Compact end Efficient Wetcr- 

Cooled Type. 
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regular pattern. Still another method is to have a boss just above the main 
bearing on one connecting rod to which the lower portion of the connecting 
rod in the opjMJsiie cylinder is hinged. As the eight-cylinder engine may 
acliiaMy be made lighter than the six-cylinder of equal power, it is possible 
to Use i^niallcr reel] mica ting parts, such as pistons, connecting rods and 
valve gear, and obtain bigber engnne speed with practically no vibration. 
The firing order iii neiirly every canc is the same as in a four-cylinder except 
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Fig. 74.—KI»pano-Sui«a Twelve-Cylinder Motor hat Three Banks of Four Cylinders 
Each Arranged in *'W" Form. This is Sometimes Called the Broad Arrow Type. 
The Engine Weighs 390 Kilograms (856 Pounds) and Delivers its Power at 2,000 
R.P.M. This View Is Taken from the Accessory Drive Bnd4 

that the cx|>If>sion.s occur alternately in each set of cylinders. The firing 
order of an eight-cylinder motor i.s apt to be confu.*iing to tbe reader, 
especially if one consi<kTs that there arc eight ivnysildc sequences. The 
majority of engineers favor the alternate firing from side to side. Firing 
orders will he considered in proper sequence. 

The demand of aircraft designers for more power has stimulated de¬ 
signers to work out twelve-cylinder motors and both the Vee-form and W- 
types have been used as previously indicated. In the Curtiss Chieftain 
engine, there is found an unusual arraiigcnioiit of twelve cylinders. There 
are six pairs of air-cooled cylinders, one behind the other, spaced equally 
in static radial relation around the crankcase. These are high-speed motors 
incorporating all recent features of design m securing light reciprocating 
parts, large valve openings, etc. The twelve-cylinder motor incorporates 
the best features of high-sficc<l motor design and there is no need at this 
time to discuss further the pros and cons of the twelve-cylinder versus the 



Camshaft 



Fis* 7^*—Lon^tudinal Vertical Sectional Drawing of the Lorraine “W" Type Engine Showing Design of Internal Heehaniam. 
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FiC. 76.—How th« Angle Between the Cylmders of an Eight* and Twelve*Cylinder "*Vee** Motor of the Automobile Type Varies. Some 

Aviation Engines have Less Than 60 Degrees Included Angle. 
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eight or six. because it is conceded by all that there is the same degree of 
steady power application in the twelve over the eight as there would be in 
the eight over the six. The question resolves itself into having a motor of 
high power that will run with miniminn vibration ami that prodiicc.s .smooth 
action. This is well shown hy diagrams prvviiuisly presenlcd in various 
forms. It should he remembered that if an eiglu-rylimler engine will give 
four explosions per rev<.lnlioM of the flywheel, a twelve-cylimlcr type will 
give six explosions per re\oliilion. and insicad of the impulses eomiiig 90 
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Pig- 77.—Tile Curtiss Eight*Cylinder 200 Horsepower Aviation Engine, Now an 
Obsolete Design, Was a Good Example of Pre*War Construction. 


'Ic^rccs crank travel apart, as in the rase of tlie oijriit-cylinder, these will 
roiae bul 60 degrees of crank travel apart in ihe case of the iwcivc-cyUnder, 
^or this reason, the cylinders of a twelve arc usually Ihoiigh not always 
separated by 60 degrees while the eight has llic blocks spaced 90 degrees 
if even intervals between explosions arc desired. The comparison 
can be easily made hy comparing the sectional views of Vee automotive 
< iigincs at Fig. 70. When one realizes that the actual duration of the power 
iroke is considerably greater tlian 120 degrcc.s crank travel, it will be 
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apparent that the overlapping of explosions must deliver a very uniform 
application of power, ICight'Cylinder Yee-engincs have been devised hav* 
ing the cylinders spaced but 45 degrees apart, but the explosions cannot be 
timed at equal intervals as when 90 degrees separate the cylinder center 
lines. 

Radial Cylinder Arrangements.—While Ihc fixe<l cylinder forms of en¬ 
gines, having the cyliiMirrs in tandem in the four- and six-cylinder models 
as shown and also iii the cighl-cylnulcr ami twelve-cylinder Vee-types have 
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Fig. 78.«The Air-Cat 60 Horsepower Aircraft Engine has Five Radially Disposed 

Cylinders Cooled by Air. 


been generally uso<l ami are most in favor at the present time for water- 
cooled engines, niher forms of nuuor.s having nnconventioiial cylinder ar- 
rangemciU.s have been de\ised, though most of these, other than static 
radial forms, arc practically obsolete. While many method.s of decreasing 
weight and increasing mechanical efficiency of a motor are known to de¬ 
signers, one of the first to be applied to the construction of aeronautical 
powerplants was an endeavor to group the conij>onents, which in themselves 
were not extremely light, into a form that would be considerably lighter 
than the conventional design. As an e.xampfe. we may consider those 
multiple-cylinder forms in which five cylinders are disposed around a short 
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crankcase, either radiating from a common center as at 78 and 79 

or of the fan shape shown at 80. This makes it possible to use a crank* 
case but slightly larger than that needed for one or two cylinders and it 
also permits of a corresponding decrease in Icjiglh of the crankshaft. The 
weight of the engine is lessened bccau.'^c of the reduction in crankshaft and 
crankcase weight and the elinnnation of a nntnbor of iiilcTinedtale hearings 
and their supporting wehs which would be necessary with the usual in-line 
construction. White there are six power iinjml.ses to every tw<j revolutions 




79.—Anzani 40-50 Horsepower Five-Cylinder Air-Cooled Engine of Early Design. 


'd the crankshaft, In lh«* si\-cylinfhT fan engine shown ai Fig, 80 
the}* are not evenly spaced as is j»ossible with the more conventional ar¬ 
rangement used l)v Aiixani in >\liich the c>lmdcrs arc c<(iially sf>nced and 
radially placed but slaggcrvd so that a two-ihrow crank is used an<l the 
engine is virtually Iwn threc-cv liiitlcr forms in tandem relation. 

In the Anzani form, which is shown at Fig the crankcase is station* 
ary and a revolving crankshaft is employed as in conventional construction. 
The cylinders arc five in number and ibe engine develops 40 to .“iO hp. with 
a weight of 72 kilograms or 15H.4 lbs. The cylinders were of the usual air* 
cooled form having cooling flanges iinly part of the way down the cylinder, 
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but more inoclern designs have the circumferential cooling flanges carried 
down far enough to cool that portion left unhnned in the early design illus' 
trated. By using hve cylitiders it is ]>ossi1)le to have the ])ower impulses 
come regularly, they emning 144® crankshaft travel apart, the crankshaft 
making two turns to every five explosions. The balance is gwd and power 



Fig. 80.—Unconventional Early Six-Cylinder Aircraft Motor of Masson Design is 
Now Obsolete. This Type of Motor was Referred to as the “Pan** Type. 

output regular. The \aKes are placed directly in the cylimlcr head and arc 
n])cralCfl by a comniou push rotj. Attcnlioii is tlireclcd to the uc»\el uietluKl 
of Inslalliug the carburetor which sujiplies the mixture to the engine l)asc 
from which inlet jiipes radiate to the various cylinders. This general type 
of engine is receiving con.sidcrabte application to light airplanes in its more 
modern forms. 

In the form shown at Fig. 80 .six cylinders were used, all being placed 
above the crankshaft center Hue. This engine was also of the air-cooled 
form and dovcloj>cd 50 hi». with a weight 105 kilograms, or 2.^1 lbs. The 
carburetor is connected to a manifold casting attached to the engine base 
from which the indncti<m pipes radiate to the various cylinders. The pro¬ 
peller design and size relative to the engine is clearly shown in this view. 
While flights have been made with the Masson engines, this method of 
construction i.s not generally followed and has been almost entirely dis¬ 
placed here and abroad by the static radial motors or by the more conven¬ 
tional eight-cyliiKlcr V'ce-engines. Both of these designs were used over 
eighteen ^xars ago and would be of insuffleient power f<»r the requirements 
of modern aircraft. They are illustrated so the reader can understand what 
has been done in this art an<l to show that the pioneer engine designers 
realized the advantages of static radial engines at an early date. 
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Early Rotary Engines.- -Rc^tary engines such as shown at Fig. 81 are 
generally associated with the idea of light construction and it is rather an 
interesting iioint lhal is often r>viT)i»okcd in connection with Ihc ajiiilication 
of this idea to flight onni^rs. that the reason uliy rotary engines were |>opu- 
larly supposed to be lighter than the others is liecause they form their own 
flywheel, yet on airplanes, engines are seldom fitted with a flywheel at all. 



Fig 81.^The Gnome Fourteen-Cylinder Revolving Cylinder Air-Cooled Motor Wai 
a Good Example of Early Multiple-Cylinder Engine Design. 


This ivpe of engine was first inlrcKlnctsl in this c<uintry about twenty years 
ago for automobile work and a car, kiumn as the Adams-Varwell was 
marketed for several years with a rotary air-cooled tnolor disposed hack ot 
the seat, the cylinders turning in a horizontal plane and driving a vertical 
crankshaft. This American design of Farwell was copied abroad by vari¬ 
ous designers, the Gnome engine being the best known of the early rotary 


engines applied to flight service. , 

As a matter of fact the Gnome engine was not so light because it 
was a rotary motor, and it was a rotary nmlor because the design 
had been adopted as lhal most conducive m lightness and also most 
Milled to an engine working in this way. The cybmlers could be 
fixeil and crankshaft revolve williont increasing ihc weighl 1o any ex- 
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tent as is done by most engineers today when the static radial is the rule 
and a rotary cylinder motor the exception. There arc two prime factors 
governing the lightness of an engine, one being the initial design, and the 
other the rjualily of the materials emjdoyed. The consideration of reduc¬ 
ing weight by cutting away nielal Is a suhsidiarj' method that ought not 
to play a part in standard practice, however useful it may be in special 
cases. In the Gnome. T.e Rhone and other rotary engines the lightness is 
entirely <luc to the initial design and to the materials employed in manu- 
factiire. Thus, in the first case, the engine is a radial engine, and has its 
seven nr nine cylinders spaced equally around a crankchamber that is no 
wider or rather longer than would be required f<)r any one of the cylinders. 
Tins sln^rlcning the crankcbandicr not only e/Iecls a considerable saving 
of weight on its own account, but there is a cnrres|)omling saving in the 
.shafts aixl other members, the dimensions of which are governefl by the 
size of the crankchamber. With regard to materials, nothing but steel was 
nse<l in the (bnnne motor and most of the nietnl was forged chrome nickel 
steel, a very cxifcnsivc coiistrnclion. The bcnulifiilly steady running of 
the engine was largely due to the fact that there were literally no recipro¬ 
cating parts in the absolute sense, the a]))>arcnt rccitirocation between the 
pistons and cylinders being .solely a relative reciprocation since both travel 
in circular paths, that (d the pistons, however, being eccentric by onc-haH 
of the stroke length to that of the cylinder. 

While (lie (incnne tyjvc engine offered numerous advantages, on the 
other hand the head rc.'^istancc olTerc<l by a motor of this type was consid¬ 
erable: there was a large waste of lubricating oil due to the centrifugal 
force which Icinled to ilirow the oil away from the cylinders ami s)>ecial 
blends of an unstable organic (castor) nil were requiretl to insure lubrica¬ 
tion; the gyroscopic elTcct the rotary motor was cletrimental to tbc best 
working of the airplane, and im»reuver it rcqiiircil about seven per cent of 
the total jHJwer developed by the motor to drive the revolving cylinders 
aronntl the shaft. « 

Of ncccssitv, the compression of this type of motor was rather low, and 
an additional disadsantage manifests itself in the fact that there was no 
satisfactory way of muffling the rotary type of motor. The Gnome engine 
has been wulely copied in various lCuro|>can countries, but its design was 
originated in America, the early J'arwell engine being the pioneer form. 
It has been made in seven- and niiie-cylimler types and form.s of double 
these numbers. 'I*he engine iUnslraled at Fig. 81 is a fourteen-cylinder 
form. The .simple or one-bank engines have an odd number of cylinders 
in order to secure evenly sjiaccd explosions. In Ihc seven-cylinder, the iin- 
jmlses come 102.8“ apart. In tbc nine-cylinder form, the power strokes 
are spaced 80“ apart, 'i hc bmrlccn-cylinder engine is virtually two seven- 
cylinder types mounted together, the cranks being just the same as in a 
double-cylinder opposed m<»tor, the explosions coming 51.4“ apart; while 
in the cightccn-cylinder model the power impulses come every 40“ cylinder 
travel. Other notary iin>t<irs have been devised, such as the Lc Rhone and 
the Clergct in France and several German copies of these various types. 
The mechanical features nf these motors will be considered later as a mat¬ 
ter of general interest though this system of construction is practically ob- 


STATIC RADIAL ENGINES 1*^3 

solete at the present time. It showed modem engine designers the way to 
realize light weight and compactness, however. 

Static Radial Engines.—The static radial engine in its various forms, 
having from five to nine air-cuoled cylinders delivering their power on a 
single crank offer all the advantages of compactness and light weight pre* 
sen ted by the fixed crank, revolving cylinder ty|K;» with the added advan¬ 
tages of not producing high gyrosci>pic forces in opcraliim nor olTering any 
flifficiiliies as (icruiii to lubrication or carhurelioii. They are cheaper to 
c(»nstruct a.s uluniinnni can he use<l udvantagvoush in tlio crankcase 



Fig. 82.^Wright "Whirlwind” Engine, an Air-Cooled. Nine-Cylinder Static Radial 
Type of 200 Horsepower was the Engine Used by Colonel Charles Lindbergh in his 
Nonstop Flight from New York to Paris, and has a Remarkable Record of Otheil 

Accotnpliahmems to its Credit 

whereas it ct)uld not be used, owing io the strcssc.s pn»cluccd. in rotary 
cylinder engines. 1‘hc crankcase of the Gnome engine, for example, was 
made of a forging of chrome nickel steel which had to be machined labori¬ 
ously from a rough and heavy incinhcr to a thin-walled, smooth ca^l^g. In 
static radial engines, aluminnin or dural forgings or castings that arc ap¬ 
proximately of the finished form may he used and much less costly machine 
work is required. Less material must he removed and it c.in be removed 
faster, bringing production costs down. 

One of the most poimlar of the fixed radial air-cooled engines and one 
that has received a very wide commercial application is shown at Fig. 82. 
as it looka viewed from the front and io part longitudinal section through 
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the vertical cylinder at Kir. W. This Wright “Whirlwind** engine was 
accorded worldwide recognition because it was used by Colonel Lindbergh 
in his epochal transatlantic passaf»e from New York to Paris in May» 1927, 
It is a nine-cylinder tyjic, rated at 220 hp. with an extremely good weight- 
horsepower ratio. All the important internal parts arc showm and the 
con.strtictimi can he easily studied. A crankshaft that is no more com- 
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plicated than that required fi»r n single-cylinder engine, as it has hut a single 
crankpin. is used. The masier connecting rod hig end is provided with 
eight pins to which eight link hhIs are hinged, balance weiglits are pro¬ 
vided to counterlialance the weight of the master Ci»nnccliiig rod and insure 
smooth operation. The cylinder is a sled barrel, pri»\ ided w ith cooling 
fins, threaded and shrunk mio a cast aintninum alh»y head, also provided 
with liberal c<H»ling flanges. This is a very common inclhod of construc¬ 
tion today and its dewlnjnncul is due to the work of C harles I.awrance, 



Fig. 84.—The Designer of the Pokker **Univerur' Monoplane has Provided an Open 
Cockpit for the Pilot and a Cabin for the Paasengert. Note the Installation of the 
Wright ''Whirlwind'* Radial Cylinder Air-Cooled Engine at Nose of Fuselage, and 
Exhaust Pipe Leading Burnt Gases Out Under the Airplane Cabin. 

<lcsigner of llu* cngniu*. in conjunction with unity .ind navy authorities over 
a period of years. The engine i^ very ctmipacl and can he easily installed 
at the front of a fuselage, as shown at Fig. 84. nr as a wing motor, as at 
Fig. 85 and as no water-cotdiug radiators or connections are necessary, the 
powerplant weight, complete and ready to fly i.s very considerably less than 
a water-cooled engine of the same power. 

Another very successful static radial engine is shown in part section 
at Fig. 86. This is tlw Siemens-Malske, a Genuan design now l>eing niaiui- 
factured in this omiitry where it is known as the Kyan-Siemens. This is 
made in five-, seven- and nine-cylinder forms. Altenlion is directed to the 
large number of ball hearings used in this engine, which greatly reduce 
engine friction. The coiistrnctiim and operation of lliese engines, as well as 
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other practical types will bo consklered more in detail in other chapters as 
the .sul>jcct is more fully developed. 



Pig. aS.^How the Nine-Cylinder Air-Cooled Wright '^Whirlwind** Engine ii Inttalled 

in e Nacelle for Placing Under the Wing of the Pokker Trimotor Monoplane. 

Considerations in Atr*Cooled Radial Engine Designs.—The wclbknown 
aeronautical ciij^dncoriiii' atilhorily. Capl. K(»lu*rt \V. A. Hrewor, considers 
the problems coiifroiiling a designer of radial air-cooled engines in 
a recent issue of . tx'hiion and disctis.scs the matter in his usual interesting 
and informative manner. Mr. Hrewer slatc.s that the designer of an air¬ 
cooled radial engine for commercial use must decide where his probable 
market lies. He must study carefully the present pnxlnction needs and the 
future trend of development. Together with those aeronautical designers 
and backers who arc open to confer upon the sttbject a decision will be 
arrived at as tt> the g'cncral objects .such as: Brakc-horscpowcr; .speed of 
revolution: cooling and cowling: weight: number of cylinders: disposition 
of accessories: lubrication and ftiel arrangement: the kind of fuel to be 
used; mounting, type and arrangement; the selling price of the complete 
engine: and does this include a starter. 

These few main headings provide the designer with much material for 
a start. He will then proliably base his first conclusions upon what can 
be done for the cost at which the job can be produced. This item, though 
last on the above list is the overshadowing influence in the problems to be 
met. This question of costs predominates throughout every consideration, 
as he must realize that certain standard and desirable forms of accessories 
must be purchased hy the engine maker at "aviation prices." This cuts 
down considerably the figure of allowable cost of the engine alone. As an 
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example, a proposition may be submitted concerning a low priced engine 
design to include many desirable features, but the cost of these accessories 
would almost amount to the total permissible cost of the job. So, one can 
readily understand that the minimum of cost is very definitely determined, 
irrespective of the size of the engine. 

We must thcrcft>re. choose a size in which the cost of the accessories 
IS not overwhelming in rclaiitm Ut the total, l.ct us take the brake- 
horsepower as having a value of x and this is to be developed at N 
revolutions per minute with a direct drive. The next consideration is the 
kind of fuel to be used and, f(»r commercial work, we will assume, perhaps 
rightly so, that coniinercml gasoline should be the fuel. This will require 
us to make some sacrilice in the fKiwer'for'Size output of the engine, but 
ibis is warranted in view of the ultimate object. The engine must operate 
economically until the cheapest fuel that can be bought for the purpose. 
The fuel question limits the ciunprcssuni ratio <lcsirable, so let this be 4.5 
to 1. The details of design will delerniinc the brake mean cfTectivc pressure 
obtained with such pr(»portions, the compression jirusMire will depend upon 
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many tlclails of the in<lnction system and the valves and may vary between 
limits as far ns fifteen f)nun<ls per square inch ai*art. The brake mean 
effective pressure will also depend upon the cfficacv of the cooling of the 
cylinder-head, pistons and valves so that for maximum output, all these 
factors must he carefully W'orked out. 

Diatribution of Mixture a Problem.—A problem of major Importance In 
a radial engine is that of ihe tlislnbiilion of the extih>sivc mixture to the 
cylinders, and altlionj^li this is very vital in nil engines, it is particularly 
difficult in a ra<lial. Any student of radial engines uill he ac<|uainted with 
certain forms of m.niiifolrh, cIuijIvx. triplex and spiral, which arc in use, but 
the great jHjint is to keei» fuel fnun settling in the lower )>nrls of the inani- 
fohls and to <leliv<T it in cijual ejuanthy u* Ww uj^per ]»arls. This can be 
done satisfactorily by simple ine.ins, ns hns been denionstraled, and the fuel 
intimately mixetl with the air <liirmg the ]*rttcv^s. Mecmoiny and absence of 
fire risk arc two benefits <lerivcd from sneli :i inclhrKl. irrespective of the 
resulting equality of explosion tor<|ue. 

How, now is llie vohimrlrie displacruient of the engine to he disposed? 
First wc will make a conservative estimate of its magnitndc based upon 
the performance (*f similar eiigiurs. Divide this up into trial nninhcrs rep¬ 
resenting possilde >Hunhcr> of cylimlers which can he used. In conven¬ 
tional types of air-c<«dcd radials, this number uill he ^mIiI ami limited to 
five, seven or nine we will neglect three ns such a unmlKT is not usually 
satisfactory cxccjH for quite small engines 'l*hc stnike-bfire ratio may have 
many values and here cenues a major jirohlein to solve, what shall it be? 
Generally sjieaking, the dc*'irablc feature is to provide as much cylinder 
bore circumfereiilially as c.in he crowdeil round the crankcase. This is 
liniiled by pislcm inlerfereiiec. It will he necessary to make several trial 

lavouts so that this interference can he avoided and at the same time hold- 
• 

ing the ovcr.'ill diameter of the engine in its complete form within desirable 
limits. This overall dimeusi<Hi is aho gi'ivcrncfl by the angle of the valves 
and by the size aiul type of .siiriiigs iisc*l. 'Phe angle of the valves is in turn 
governed by the diameter recpiircfl or rather the ratio of the diameter of a 
valve to that of the cylimler, As usually s<mic compromises have to be 
made, and although it is better to kccii the valve gear truly radial from the 
mechanical slnndiiomt, this adils to the «>vera1l diameter of tl^e complete 
engine. On the other hand, smiie change fif <lirect:cm id the mr»tion involves 
side thrusts on certain parts, cither rockers or lappets, which must he 
suitably dcsigiuxl to eojic w itb the loads imposed upon them. 

The ratio of length of rounecting rod to crank is fixed within certain 
limits so that the skeleum scliemc is now c<»inplelc. How shall the connect¬ 
ing rod assembly he made? There are two general classifications in com¬ 
mon practice, the divi<led big end of the niasior rod with a onc-piece crank ; 
the solid big end with a two-piece crank. In the former, a one-piecc crank¬ 
case can bo usetl. thus avoiding a circuniferenttal j<dnt at the center. In the 
latter, this is practically a necessity if a bench assembly of the rods is de¬ 
sired. There arc adherents of Imlh Hues <»( devcloinncnt and arguments 
pro and con regarding both. It is possible to make a lighter hig end of the 
single eye type but this is acconij^anicd by the features of the divided crank¬ 
case and the divided crank. nd<liug cost to the work. Some divided jobs 
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sulTer from leakage of oH, faulty and non-intercliangeable fitting and crank 
trouble. Mechanically, it is quite feasible to make a single overhung crank 
of sufficient strcngih ami stilTness and witli it to provide a second forward 
bearing for the propeller support. The rear part of the crank then forms 
a medium for driving the accessories only. This means three bearings on 
the crank assembly. For cheapness and in onler to obtain a two-bearing 
crank it would seen inadvisable in C'ujUain Brewer's opinion to use a di¬ 
vided crank as so much depend.s uj>on the pr<»]K*r fitting of the sleeve or 
coupling holding ilic two pari*' of the crank together. In the past, failures 
have rcsuUed here. However, Miiue very Micce>«fnl engines have a divided 
crank such as the Kyan-Sieinans shnwii at I'lg. the T'ralt ami Whitney 
“Wasp” and the Knglish Bristol Jiijiiicr. all iwovcrjilani.s <»f international 
prominence and excellent reptUarii*ii. 

Su]))KJsing a tllvided mazier tcmI i'i decided u)»oii. a very nice prohlein 
arises as to the location of the hnkpins. Owing to the pecidiar motion of 
the subsi<llary rods, a careful study must he tiiaile of the positron.s of the 
jnslons at various angular |H>siiii»ns oi the craiikpiii. The pistons should all 
come to the proj>er top center al the jiro|>cr angular interval jassed through 
l»y the crankjuu. 1*[iese jnisitions should he laitl <»ut ami it will he found 
rhal the correct locations of ilic linkpms fall in a group wliirh cro\v<ls them 
together opjxi.site tlie nia.^tcr rod Another arraiig^emetu is pcissihlc where 
llie pins arc etpially spaced, hut this requires dejjarlure from standard uui* 
fc»rm diincnsi<»ns of parts. Tins afternativc for a conuMorcial engine is not 
<lesirahle ns one r»f the tnaiii attractions of the radial is the similarity and 
simplicity of its cfuup<uicnls. 

Piston Design Considerations.—Piston design is governc<l by the space 
available and free<loin from inteiferencr of the ]Mslon skirls with one an¬ 
other uml with the halance weights. C learance from certain linkrods must 
;dso he watched not mily h»r the pistons hut alM» for the cylinder barrels. 
These latter generally liave to he cut away to permit the linkrtnls to sw'ing. 
The clearance in the cylinders opp<»sitc the master rod has to he the great* 
cst depth. For the reastm that the masler rod must he stronger and wiiler, 
Ilian the linknals, its width governs the width «if the clearance shils in the 
cylinder barrels. 

I'hc quc.slion of balance is one requiring much care. Static l)alaucc can 
ho arrived at by the convcniioiial nietluKl but this does not relieve the load 
(m the crankpin. The Bristol ('onipany's system, as employed in the Jupi¬ 
ter engine, is very neat. There may he other schemes by which this loading 
may be relieved. (Vaukpin loading is one <if the limiting factor.^ of the 
radial engine as regard'^ output for size. Whereas piston design for the 
“in-line” engine type must pmviile for piston sicle thrust, this is of equal 
magnitude in all cylinders. 

Piston Side Thrust Varies.—Uadial engines offer the problem of vari- 
able thrust due. ntii only to the different ohlujuity of the linkrods, hut to 
the interdispo.sition of thrust m the system of cimuecling rods. This is 
brought out very clearly m un analysis of stress, contained in ihc McCook 
Field Report 2504 from which is taken the following table: 
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Pisftm Sidf Pressures. Pounds f>er 4 guarf infh 

Fhtring pautr strokf 


Cy tinder 

maximum 

mean 

1 
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2 
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63 
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n«i IhmI 
vnJc 

Nn. 1 U tlir niiivh*r rtni (*vl(ntlcf. 

Comi*ftrin^; thr of ihis thrust with wc find, for 

the Liherly iwolvr-c\ Innlcr cinfinc. a maxInMini t»f 52..'' Ih. per s<|. in. and 
a moan of 4,V2 !!». per vij. in diinn^ the p^nver Mn^ke The^e fi^nrus show 
that tlic si<le areas for pistons fur radials should he a< Iar(»e as possible to 
keep the intensity of stress uiilnn practical limits. In the ]>arlicular engine 
analyzed, the magnitude of the side thrust on the piston carrying the mas¬ 
ter rod V4arie<l frimi plus 1.520 ll>. at 80 deg. crank angle to minus 1,508 Ih. 
at 200 deg* crank angle. This was for a cylindiT of 5^ in. horc. 

piston Weights Important.— Piston weight must he kept down to limit 
the inertia forces as these govern the <lesign <»f (he linkrod ends. The 
prohlein is to uccmnnuMlate <111 the hig end of the master rod u grotij' uf 
linkpins and rod enrls. which have freed<mi of moveinent and yet are spaced 
as closely as pitssihle to the center of the crankpm There must he a suf¬ 
ficient fact(»r id safely. I'rojjcr hearing area and provision for luhrication, 
The inertia force to he pnoided for can he found: 

F, = 0.0000284 X W X r N* X f, 
where F, -- the inertia fi»rce 

W — the weight of ilie recijmicaling pari in !hs. 
r — the radius of the crank arm in inches. 

N — tlie revolutions per minute 

the nccelenilmii factor which has values as follows for the usual 
engine protxirtions: 

at ti'p a-iMcr —1275 120 deg after —0.637 

20 deg after -l.UO 16U cIvk after —0 731 

(•0 deg after —0363 180 drg. after —0 727 

In designs where ctjiial angular spacing of ihe linkpins is resorted to, 
there will re.stilt a variation of pi>tfm |Kisiuon with eipial angular displace¬ 
ment of the crankpin which amounts to as much as twelve degrees, This 
means that the timing of the ignition and other functions wilt vary by thi.s 
amount. 

Design of Commercial Cylinders.—Cylinder de.sign and material have 
been passed over until now. not because of its relative importance but 
mainly because the ipicstion oi cost iiujH>ses limitations. In such an engine 
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as we have under analysis, cast iron cylinders have practically no alterua- 
live. We must be prepared to carry a little additional weight in order to 
save a large cost. Cast iron cylinders of a useful commercial sire weigh 
under eighteen pounds each comjdeie with heads, valve p<»ckets, flanges 
and cooling ribs. Similar cylintlers without head.s conic out at ten pounds, 
so that by the time alnniimiin alloy beads are fitted, with valve scats, ports, 
etc., the saving of weight is very small and the additional cost is high. 
Practically, therefore, the cast iriui cylinder c<jmplclc must be used. Captain 
brewer believes, if the engines arc to be >oh\ at lower price.s than the ex¬ 
pensive dual metal c<mslruction makes piissibic. In designing this part, the 
foundr)' and air-ct>oling problems pre<loniinatc. Manifolding of the ex- 
bau.st gases leaves open a fiobl for ingenuity as the cost of pipe bending 
work IS very high. This also applies Ut the matter (»f the inlet pipes. 

There is a dilTcrence of <»pinion regarding the mounting of the acces- 
bories in a purely connnercial engine, on one hand there is the tie.sirc for 
magnetos on the nose of the crankcase so as to give certain accessibility. 
This involves cowling which might otherwise be dispensed with. Others 
prefer the accessories at the rear of the engine, which intvo<lnccs some dif¬ 
ficulty in drawing the cmiiidete as.seinhiy through the mounting ring. For 
commercial work, a starter sinmhi be ])rovi<ied This should be cheap and 
simple, hand operated for preference. It is possible to combine such a unit 
with the rear assembh', adding somewhat to the total length of the engine. 
Regarding magnetos it is just a moot ]Hmil as to whether two are needed. 
The magneto is pridably as reliable as any other part of the engine and 
plug trouble might well he met !iy a single magneto operating two intlepcn- 
dent sets of plugs These few pn»hlcms gi\c some indication as to why the 
designer has done certain things that may not conform to the views of the 
critic and why radial engines dilTei in many aspects of design though ap¬ 
proximately the same in cylinder arrangement. 

UUKS I H)Nb KKVIEW 

1 Name five ijii|Kirlaii 1 niKinc vaits and ihrir functions. 

2 . Wliy arc niniti-ryhiulrr cn^mes Ucsl tor aiUcmiotivc usc^ 

3. Which t>|K* 4 if ciiKJnr. a six or an cikIu, has tlic more umform ioniuc, wliich 
IS m hcltcr hal.iiicc' 

4 Arc fuui-cvlinikT ciinmcs always of the in-line l.vpe' 

5 Name innmmnn iiumiIht ot c)tinders to senirc uvvrlappiiiK impulses. 

n Why js an en;hl Vee ciif*inc k'ller than an in-hnr for airplane use? 

7 ]hm inanv enmnion rylimler arrani^eiiiciits are [hissiIiIc for a Iwclve-cylnidcr 
engine? 

H. What is I lie ads.iniauc of ilic W type' 

9. What IS the main disadvantage to rotary ryliiider en($mcs? 

10. Why is the SUUC radial engine so i>cipular for airplanes? 
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CHAPTKR VII 


AVIATION ENGINE FUELS—ANTI-KNOCK MIXTURES 

Properties of Liquid Fuels—Distillates of Crude Petroleum—Cracked Gasoline^ 
Baum^ Gravity—VoUtiJity of Fuel Important^Liquid Fuel Produced from Coal-^ 
Alcohol May be Used—Benzol and Similar Fuel^^Zeppelin Fuel Ga^Theories 
of Fuel Knock In Enffino^Explanation of Catalytic Action—Theory of Anti* 
Knock Chemicals—German Anti-Xnock Fuel—Peroxides Produce Knocking— 
Peroxide Formation During Compression—Carbon Formation in Cylinders—Rate 
of Carbon Formation. 

There is no niJ]’liaiicc llial has more matcrinl value iijjoii ihe efliciency 
n{ the intcrnal-comhnstion motor than carlmretoi* or va|>ori7.er which 
supplies the cxpli»sive ^as Ui llu* cylimU*rs. It is only in riTvni years that 
cii|j^iiicers liave rvaliznl the itiijioriancc of nsinjj carhurvtors that are cfTi» 
ricnl and that arc so slrou^dy uml sniiply madv that IhiTO will )»c little 
liability cjf licrani'enirnt. A.s the pouvr ohiafned from llu* >;astilinc engine 
depends upon the crunlarstion of fuel m the rylinders. il i.s evident that if 
ilie supplied (hK‘S not have the pn»per pro|H»rirons of elements (o insure 
rapid eombust ion. the elVicienry of the en^fiiie will he li»w. When a g‘as 
en^niic i.s used as a staliouary iiiNtallatioii il is ^His.sihle to nse cordinary 
illuminating <»r naUir<'il ^us for fuel, hut when this prime mover is apjilietl 
t(j uulomohiles or airplanes it is evalenl that consnleralde dilliviilly would 
lie experieneecl in carrynu^ encMit'li eotMpresM*d mnl j;as to suj>]dy the ciijfinc 
hir even a very short trip, roriunately, the developiiieiil of the internal- 
conilnistion tnotor was not delayed hy the hieh of sintahic fuel. 

Properties of Liquid Fuels.—ineers were familiar with the prop¬ 
erties of certain litpiids ^^hich f^ave olT vapors tliat could he mixed with 
air to form an exjilosrve pas which l«irn**d very well ni the enj'lne cylimlers, 
A very small (piaiitity of such liquids would snillce for a very satisfactory 
jKTiod id o]»era(ion. The jirohlem to he sidved before lliese liquids could 
lie a]>p]ied in a practical manner was to evolve snitahle a]>paratus for 
vapori^in^'* them without waste. Aiutnik^ the liquids that can he conihined 
with air and liurned, gasoline is the most volatile and is the fuel utilized 
hy most inteniahcoinimstion engines apjdied to airplanes. 

The widely incrcusing scope of usefulness of the inlcrnaNcomhustion 
niutor has made it imperative that other fuels he applied in some Instaiice.s 
because the supply of gasoline may in time become inadequate to sn|)[>ly 
ilie demand. In fact, abroad this fuel sells fr#r 50 to 200 per cent more than 
it does in America bccan.se Tn<»st of the gusolnie used must he imported 
from this country or Russia, ftecanse of this, foreign engineers have 
experimented widely with other suh.stances. such as alcohol, henrol, and 
kerosene, but more to determine if they can be used to advantage in motor 
cars than in airplane engines. 

Distillates of Crude Petroleum.—Crude tictroleum is found in small 
([uantities in almost all parts of the world, but a large p(»rtion of that 
produced commercially is derived from Atnerican wells. The petroleum 
obtained in this country yields more of the volatile products than those of 
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/oref/jn prodnrtion, anrf f<»r ill At rcasrui tho demand for it is greater. The 
oil fields of this ronnlrv are foiitid in I^cnn-svlvania. Indiana, and Ohitj, 
and the cnnlc pctrfdeum is ii.sitally in associatuin with natural gas. 1‘Iiis 
mineral oil is an agent from which nnAny coTiifunmds and products arc 
derived, and the products will vary from heavy sludges, such as asphalt, 
in the lighter and more volatile eoiii|uiiieiils, some of which will evaporate 
very easily at ordlnarv teni)>cralures. 

The coin|H)uiids derived from crude j)etrolciim are ci»tnt>oscd principally 
of hydrogen and carlH»n atul arc termed *‘ITydriH*arlious.'‘ In the crinle 
product one finds many inipiiritics. such as free carUon. sulidiur, an<l various 
earthy elenieiil'j llefore the i»il can Ik* ullliz*’<l It niiisl he subjected to a 
process of purifying which is kiu»wn as refining, and it is during this 
process, which is one of destructive di>liliatK*n, that the various lii|uifls 
are separated. T'hc oil was formerly broken up intr» three main gremps rd 
products as follows* lliglily volatile, iiaphiha. Iwnzine, gasoline, eight to 
ten per rent. Light oils, such as kerosene and light lubricating oils seventy 
ti> eighly per cent. Heavy oils or residuum five to nine i>er cent. Frinn 
the f(»regoing it will be seen that the available sut‘jdy of gasoline was 
largely dclermiued by the demand existing' for the light oils forming the 
greater jiarl of the pnwinds clenved from crude |K’iroleiiin. New j>roccsses 
have been riTcnlly <liscovered by vhich the lighter oils, such as keriKScnc. 
are reduced in ]>n«|>ortioTi and that of gasoline increased, though the 
resulting' 1o|iiid is ncilher the high grade. Volatile ga.soluic kuiovn in the 
early days t»f iiioti^ring nor the 1c»w grade kerosene <»r distillate. Special 
gasoline, known as "aviation g'a.s*' is used for most aviation cngiucs. 

The hov thermal eflicieucy or high fuel ronsumption i*f the jirevailing 
lyjH* of anloiiiotive engine contributes strongly to the demand for eng'ine 
fuel, requiring ga54»liue to be produced in far greater <|uaulitles than would 
Ik* necessary if the fuel were more efTicicnily utilised. Every gain in 
Ihermal efiicicncy, therefore, means a corres}jonding imTcnicnt to the fuel 
supply. Increased ihermal eHicicncy may also be made Xd comjieusate the 
consumer for such advances in fuel prices as tnay dc*veloj>. I'luTmal effi¬ 
ciency, therefore, ha.s a pivtdal bearing ujhui the quantity and price of 


engine fuel and though now tending to \v4irk to the disadvantage of the 
automotive imhistry may Ik* turned to its advantage. 

Cracked Gasoline.—As the engine-fuel situation now stands, the most 
cfTectivc means for e.xjiaudiiig the sn|>ply of gasoline is through rapid de¬ 
velopment «d "cracking" mciluKls of refining whereby gasoline is made 
from fuel oil and ko^u^ene. But it does not necessarily follow that a con¬ 
tinuation of the ])rcsent degree of dependence upon "cracking" constitutes 
the most efTcclive means for insuring an anijile supply of engine fuel at a 
price most favorable to the user. Wlicii onlinary gasoline is used in a high- 
compression engine, there is likely to be a "knock** which is undesirable. 
Cracked gasoline has been found to be less subject to this tendency than 
is the more highly regard«l straig'lit-refincry type. Frequent claims are 
made that cracked gasoline is .superi(»r to the straight-run tyi>e when 
engines are worked umler heavy lt>ad. and experiments with the phenomena 
of knocking have tendcil to substantiate these claims. In general, cracked 
gasoline is marketed in the form of bicmis which are not detected hy the 
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average user. It is helievcd, hcMvever. that even if the user were able t<i 
dijitinguish cracked gasoline, it would very likely be cm account of its 
advantageous rather than its disaclvantageous behavior. 

Baume Gravity.—Up to the last few years it was customary to rate 
gasoline on the basis of its Jbininc gravity, and even linlay users are in- 
1 lined to believe that a high Haunu* gravity, which means a low specific 
gravity, is a desirable property. H'hc specific gravity test, under certain 
conditions, docs give an iiulication of the distillation range of gasoline, but 
ui general furnishes liighly unreliable information in this particular. It 
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For llquida lighter than water (Kat«)UiR* and uibcr engine lucle), the Uamn6 scale is baaed 
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has already been pointed nut that a mixture of kerosene and casing-head 
gasoline might have the same gravity as a straight-run gasoline. In addi¬ 
tion it can ]tc .slated that the tyj)es (»f crude oil prt»duccd in different parts 
of the country have different physical ami chemical pn»pcrti€s and that 
for a given gra\ ily there may he rmisiderablc difference in l)oiling range or 
vice-versa. Specific gras ily cannot always be considered an index of 
volatility, and it is tln.s factor that is of real imjXirtance. 

Volatility of Fuel Important.—Volatility is really an important factor 
and any hytlmcarlion fuel must cotitain a suniricntly large amount of 
volatile Cinistiiuents to pennii starling when coM. Volatility is ilifferent 
than kindling Heni|i<Ta(iire nr igniling ]Mjiiii as furls fd the same kindling 
temperature will differ materially in vt>latility and in their output of in¬ 
flammable va|wirs at normal ami even sub-normal tempiTatures. The 
difference in volatility between gasoline and kerosene can be shown readily 
by ponring a little gasoline into one walcli-glass nud Mime kerosene into 
another and trying to light each with a match. Their igniti<ui tein])eratiircs 
are alnn»st identical It has Ikhmi <lciermined that ken»senc is 20 to M) 
tleg. lower than gasulme. but this has nothing li» do with the fact that 
keros<me cannot he liglile*! with a match, 'rhere is tioi enough vapor 
ulxjve the kerosene to ignite: the match flame siin|dv goes out. Of course, 
the gasoline can be lighted InTause of the \a|K»r anting fnnn it. which 
makc-s it easy to start. 

'J'o .show the ‘lilTcreiice in the flames i»f alcohol and gasoline, w« will 
coni|iare them in the same manner. 'I'he alcohol dame is blue. The yellow 
in the gasoline flame is incaiidesceiil carbon. During combustion the 
oxygen prefers hunniig the liydroucii to burning the carbon. In burning 
gasoline in tins way the .*^1 rue lure i.s such that the oxygen can roa<lily get 
at hydrt>gen enough to satisfy it. and there is md ciiougdi c»sygcn jircsent 
to burn the carbon comjdetely, In the case of alcolvd, an insufficient amount 
of hyilrogen is liberated when the alcohol is broken it]) to s.atlsfy all the 
oxygen that can get at it fnnn the air. The result is llial the excess 
oxygen combines with the carlMni ami the carlKiu is tiot left to become 
incamlcscent as it is in the case of gasoline. 

Such <lemonslratit»tis arc simply to show* hmv these (biTerent fuels be¬ 
have when they are hiinied in air. 'I'hcy have no particular relationship 
to the manner in which the same fuel burns when it is first made into u 
semi-gas and tben cxjdodcd <»r ignited from a spurk|>lug in an engine 
cylinder while under comi>ression- In this case ihc results are niucli 
different from those when the fuel is sjiread out ami allowed to hoi I and 
hum as it chooses, Ilul the tests show the effect of this tliffcrence In struc¬ 
ture on the behavior of fncl.s. 


Liquid Fuel Produced from Coal.—The jmsslhility <if a future shortage 
of pctrfiletim fuel suitahle for aut<anotiie engines, howeser. and of the 
production of substitutes to u\oid such a contingency, is receiving con¬ 
siderable attention in America and I'.urojie. The solution is research in the 
manufacture of gasolitie substitutes fri»m coal, id which enorinoits quan¬ 
tities remain untnined in this Ctuintry. Four knowm methods <d extracting 
such substitutes from coal are 

(1) nigh-temperainre carlMjiil;?atioii of coal in by-product coke-ovens 
or in gas-retorts 
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(2) Low-teirtpcralurc carbonization 

(3) Hydrogenation of coal 

(4) Synthesis of hydrogen and carbon monoxide gases derived from 

coal, resulting in the production of alcohols 

Only the first method is an existing industrial process; the others are 
m the stages of develojimcnl. The second «and third methods seem to 
offer important possibilities in the relatively near future, while the syn¬ 
thetic process of producing alcohols from coaUgases is interesting from a 
iheorclical point, as it inclicates that hydrocarbons iisalde in present or 
slightly modified antomotivc engines can be produced at moderate cost 
hfm inferior coals. 

Other products than motor fuels arc produced by those jiroccsses, such 
as coke, heavy oils, and gases siiilahle f(»r i]luiniiiati<»n and heating. The 
rarbonizntion uiethcxfs are de]>eii<lent cciununically u]Min the sale of the.se 
in addition to the sale of the gasoline subslilnte.s. but the hydrogenating 
and synthesizing processes may l>e self-supporting on the lin^tid ])rc»ducts. 

As regards the real TK>ssibilitics of gasoline substitutes, it now seems 
probable that <iil .shale may in the future pnne an ini{>ortaut s<»urce. 1'here 
arc enormous deposits of oil shales in the United Statc.s and the extraction 
of liquid oil from these is un<lmibtedly feasible, although it has not yet 
liccn Worked out upon a commercial .scale in this country, (h\ shale will 
probably not assume any great ini|Hirtatu'e as a source of engine fuel in the 
near future, but its jiotenliality as a res(»urce gives a comfortable sense of 
assurance that the use of airplanc.s and other motor vehicles will not have 
to be discontinued when |H*trnleum rewuirccs arc exhausted. 

Alcohol May Be Used.-^Auoiher tyi>c of fuel which offers unlimited 
possibilities for the future and which is already being dcveh»pcd to a cer¬ 
tain degree is alcohol. ']‘hc problems to l>c solved before this comes into 
general u.se are apjnirently the development of cheaper methods of pro¬ 
duction and the development of suitable types of engines. Efforts arc at 
fircsent being made to market a fuel ermtaining alcohrd and other compo¬ 
nents, which may he used satisfactorily in present types of internal- 
combustion engines. A sample of this fuel has l>ecn obtained by the 
linreau in the retail market and has been subjected to lal)oratory examina¬ 
tion. Its exact chemical r(»m)K»si(ifm was n<»t determined, but it wh.s shown 
ttj contain bi»lh alcohol an<l benznl as well as a fair percentage of high b(dl- 
mg petroleum naphtha. The sample obtained by the Bureau wa.s Iwing 
^old at a price siunewhal higher than that of engine gasr>liue. As regards 
Us use. the Bureau has rcceivtxl reixirts from at lea.st two rejnitable organi- 
>^ations indicating that it was found at least as satisfactory as ordinary 
gasoline. 

Benzol and Similar Fuels.—The type of gasoline substitute which is of 
most importance at present is the mixture of hydrocarbons obtained as a 
by-product in the coking of coal. These so-called coal-tar distillates in¬ 
cluding benzol, toluol, xylol, etc., are hydriK'arlums which are somewhat 
''imilar to the hydrocarlxuis found in petroleum, ahhvmgh of course there 
•ire well-recognized physical and chemical differences. 

There are several advantages to l>e gained from the use of l>cnzol, either 
by itself or mixed with gasoline. The«se are: 
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(1) It is a ni:muracturc<l fuel and can be made anywhere that coking 

coal i.s available 

(2) It ^ivfs slightly nmre jinwer than ^;as<»linc 

(3) It gives slightly lii’lter mileage per gallon 

(4) The running of the engme using it i.s sweeter 

(5) The c<nnpres.sion can be raised and the* power thereby further 

increased 

(6) There is no “pinking*’ or detonation 

(7) It is cheaper than gasoline in .s<mie localities 

The ojuiilons of nsiTs of this fuel are, however, varirms, and they even 
run Ui Opposite extremes. As benzol lias no \ery volatile eoiiteiil, Ihniding 
4 »f the carburetor does not help starling from cold, and the *inly way to 
get a start on a cold winter da>. if heat is not addc'l. is Xt* sjiin the engine 
as fast as j^tssiMe st* that the lira! of coiiipressi<m vnpi»rizes the benzol 
If a mixture of gasoline aiul benz<d is used, there is. of courdc, u small 
quantity of the vohilili ciMisliliuail of gaMiline which nia>, in some cases, 
be sufficient to give the first few cxplosums. Ity f)<Hidiiig the carburetor, 
the <|iiantity of this volatile pi»r 1 ioii is increased, .so that, if a niixlnre of 
gasoline und benzol lie used. l1(Hiditig is iH'iuTicial. ('miM'ipiently , in cold 
weather it is better to u.'^e a mixture and to ajijdy heal or to have a small 
priming tank filleil with vidalile fuel and u.sed only for .starting. 

A very necessary warning must !«• gnveii in regunl to tins fuel, and ill at 
is in coiuiechon with its high freezing point. While gasoline may he 
considered never ti» freeze, benzol tines so at a teinejiralure above that of 
icc, 43 deg. Kahr.. a ml the tein|KTahire has to be rai.sed very consideraldy 
to thaw' it again. Thus is a further argnnnent against using beii/ol alone in 
winter, as It niav freeze in the pipes fir tanks. I'rue. vvhh benzol intemlcd 
(or use as an engine fnd. lolnol and other ingreilienls are sujiposed in be 
added by the producers i*» lower its freezing ihhiU, but exjHTience show's 
that otic cannot be sure these addiiioiis have been made. The u<hlition of 
a small f|uantity of g.'isMhne prevetils freezing. Recent tests <in aeronautic 
engines have shown that a mixture 4»f twenty |kt cent henzol and KO per 
cent gasoline is aKml (lie iK^st, ami is almost %ns g<«Kl as straight benzol 
from the jHiiut of view id eliinination of pinking An increase in the amount 
of beii/ol l)Cyoud this gives inferior results nntil stniight benzol is used. 
Considering the drawbacks of straight benz«il, one c*»mes to the concln.sion 
that a mixture of about the uIhivc t»rop4»rtions has mi disadvantages if 
sufficient heat to ensure va]iorization can be provided. 

Zeppelin Fuel Gas.—New>i»aper rejifirts of the transatlantic voyage of 
the new airship, t'lmnl Xep]ielin. with t'aptain Kckeiicr at the helm, stated 
that the fuel useil on tlie trip 1*1 New Vtirk. i.s a mvslcrious “blue'’ gas. 
Experts say that the gas is neither mvsicmms nor blue. This same gas 
in a form less pure hu.s been u.sed t4» light railmad cars in this and other 
countries for at least a decade, and when used bir that puriwise has always 
been referred to as Pinlsch gas. !t has alsi> been used by farmers and in 
suburban homes in Miiriijie and .\mcrica as a fuel for c«u>kingand lighting. 
Hcrtnnn lilau id Augsburg. Germany, considered one of the most compe¬ 
tent gas engineers of liis day. was associated with Julins Pinlsch for some 
time. Pintsch succeeded in manufacturing a hydrocarbon gas which was 



BLAU GAS AS FUEL 


209 


so compressible that seventeen vulunies of it could l)e squeezed into one. 
I^ 1 ltsch, prcnul of this achievement, thoiifi'h not as anibitious as lilau. named 
It for himself. Rai1roa<ls iinuuMtiaiclv sa>v the value of the gas as a fuel 
for lighting coach inUTKJf.s, sitirr it could he carried in a relatively small 
ctmtaincr and wa.s as g<M)cl. if tu»l belter, f«»r lighting pnr]H»scs than any 
gas discovered up to that time. Mauufaelurers of harlH>r Iniovs also were 
quick to seize uiion the |Hissibililies and the g:is was usccl extensively in 
lighting them. Of course, electric lighting is now generally used in rail- 
rt>ad coach e.s. 

Blau tried in vain to persiia<le his fricncl. Pintsch, to pursue his research, 
but Ihnlsch Cither thought he had reached Mlliniale .Mucess with hydro- 
carlnm gas or was totally ludiiTcreiit. lllau then luailr a hydrc»cnrbon gas 
that, under about l.SOt) jioiinds iircssiirc, with a tcinjKTalure of minus ?i0 
degrees I'ahrenbcil. uc*iild li((uefy, and he gave the prorlncl hrs name. He 
tiunight that a iiinch greater quantity could 1h* s<|tieozed into a cotitaiuer 
ilian ha<l been possdilc with the jiroee^s used by Ihtitsch. He therefore set 
«>ii 1 to tnaku some of the lighter hvdrorarUMm absorb some <»f the heavier 
liydnH'arbons. lie succreilc<l and prcMbicc<l a gas containing about 1,800 
I’riiish Thermal Tnibs per cubic fiwit. 

Hydrocarism is the lechuical name for the by-jiroducts of petroleum 
such as kerosene and gasoline. After the peindeuui is cut for the fourth 
tiiue, a gas oil is ubtainerl. H'lns lUaii used as a base. 11 c used retorts 
similar in most respect.s to those employed in the i>r<linary jdant w'hich 
ii>nvert.s coal into gn.s; excejd that they contained iron jnpes called va- 
jKirizers to keep the imI from coining into c<»iitacl with the clay retort 
diirmg the “cracking’* ]»nHess Much h’ss heat is used under the retorts 
ulieu hyilnicarltons are the Ikisc than when r*»al is. Blau used les.s iu his 
jiroces.H than Pint sell diil In his—<*midoviug <ii] as a base—because Itlau 
anted to make a gas that coiihl be licjiuTicd under pressure in a proper 
temijeralure. He |mssed the gas from the retorts through suitable tar 
extr.ictrjrs, scniblKTs. e<M»lers and purifier Ixixt’s. and after these processes 
had a line (jiialilv of ml gas which he passed through a c<nupressor and a 
louling device, where it was rediice<l to a litfuid stale an«l put into heavy 


'Ieel cvlimlers. 

Blau Gas.—Pdau gas contains a giKul many hydroearlums unsaturated. 
and because of this fact is a sniierior fuel for iiilerual-comlnistion engines. 
It has a sjfeeifu* gravity of l.(H to 1 OH and that is i»ne of the main reasons 
whv it appealed to ilie German Zeppelin Corj>oralii»u. One of the main 
difficulties in carrying 1i<|uid fuel in a dirigible is that as the tanks are 
emijlicd one after the other during the voyage weight must constantly he 
sf lifted or water be produced l»y condensing the exhaust gases of the en¬ 
gines. Blau has recently made claims that he has got his product down to 
the s)>ecific gravity of one, amt if this i.s true the Count Zeppelin shouhl 
have no difficulty in inaiutainiiig her trim and keeping an even keel. The 
hrst plant for the manufacture of Ulan gas was ere*cied iu 1908 in Hlau*s 
native city of Augsburg, and others were later built in various European 
cities. Rights to operate umlcr Blau’s patents were obtainerl by a group of 
n>en in this country. Keccully a factory has been set up iu Fricdrichshafen, 
where the Count Zeppelin was teslc<l. As Blau means “blue** in German, 
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it waft natural to confuse the name of the inventor and ‘'color*' of the gas. 
As the gas is used up. it can be replaced by air which weighs about the 
same and can be used as a Oiling for any “banonets** that may be necessary 
to keci* the lifting gas cells pn^pcrly distended. Its advantages make it 
more apjdicable to lightor*than-air craft than airplanes and the conventional 
liquid fuels will ccmiiniic to be used in such machines as do not require 
gas bag support. 

Theories of Fuel Knock in Engines.—The cnndttion.s in an airplane en¬ 
gine cylinder arc very c<miplex and very <lilTereiil from those found in a 
laboratory. The rmly chrmicul reaction anak>goiis to them is that of Hainc. 
Associate<l with the llame as il passes forward through the cylinder are 
brillianl light aiul high pre.ssure 'Ihvo waves are produced: a forward or 
detonation wave and a backward i»r retimation wave. 'I'Uc rletonation w'ave 
ift the cninnlative secpience of increasing temperature, vehu'ily ami expan¬ 
sion; the retonntion wave, a reaction to the high pressure <leveh>ped by 
the detonation wave and sent back in the op|iosite diriTtUm. The three 
theories of knock are that it is caused fci) by the inechiinical iin]>act of 
metallic jmrts. ih) by s]Mm(aneons ignitiiot ami a siinnltaneous dcvclot>* 
meiu t»( pressure throughout the cylinder and (c) by the seilingMip of a 
large tleUmalion wave having large dilTerences <»f pressure and of wave- 
front which give rise to vibratory deformations that produce sound. 

One lhei»ry of the fnnclinn of knock-preventive inaterial is that it lays 
down in the cyllmler a calalyllc agent that will lower the ignition tempera¬ 
tures of oilier fuels sc» that they will begin to bnrn before the (lame gets 
entiredy throngh, ami nill show the same phenomena throughout. An¬ 
other theory is that there is intrcKluced in the dojie a negative catalyst that 
slows down the reuolioii nml prevents it from attaining to a detonating 
velocity. When vieweil ns a catalyst t>oisim. the function of an anti-knock 
material is to cmiiiteracl the catalytic effccl of the walls of the cylinder, 
sparkplug nml other siihstanees present wilhin the cylinder, and to enable 
the reaclitm to take place at its m»rmal veh^city. which is slower than the 
cataly^^cd velocity and iii»t snllicienlly fast U* pr<i<luce a detonation wave. 
The fact that certain substances are ciTcctivo 1 m»iIi as catalyst poisons and 
as knock-preventives and in the same degree indicale.s that there is a 
certain ])arallelisin In'tween catalyst poisons and knock-preventives that is 
worthy of further iiu'c.siigalioTi. 

Explanation of Catalytic Action.—C atalysis is defined as the pheno¬ 
menon that occurs when u substance that apjjarantly takes mi part in a 
chemical rcnclion is cnjiable of altering the rate of the reaction; a catalytic 
agent, as a snbsiancc that hastens or alters the velocity of chemical reac¬ 
tion, but after the reaction has bc<'n completed is jiresent in its original 
amount with its i»riginal properties. Inasmuch as recent rcsearche.s on 
detonation have demonstrated the imjxiriance of a careful study of the 
catalytic aclion produced in the fuel-mixture by certain compounds, Dr. 
Schlcsinger, Professor <»f Chemistry at University of Chicago, Chicago, Ilk. 
undertakes to clarify the subject of catalysis in general in an article in the 
April, 1925 .9. A. Ji. yo«rMo/. ami after shtjwing cx|>crimentally various 
chemical reactions and catalytic effects, discusses from the viewpoint of a 
scientist the reacthms that lake place wilhin the cylinder <»( an automobile. 
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special reference being made to the detonation and retonaticm waves that 
are produced and to knock. Indicating how a study of fundamental facts 
may lead to hypotheses that may be cither verified or disj>roved, how a 
s]>eculation may be logically developed into a practical thing, he reasons 
that a material may he found, which, when deposited on the sides of the 
cylinder or on the sparkplug, wouhl act as a permanent catalyst, or that an 
alloy may eventually he <liscovercd from which cylimlers may be con¬ 
structed that will have a continuous catalytic cfTecl on the fuel-mixture. 

• 

Two cxplanatiruiH »»f catalytic ctTccls that have been advanced are (a) 
that the reaction is accclcrale<l by the mfdcciilos being absorbed and ori¬ 
ented by the walls of the vessel, and the most active portions of the mole¬ 
cules being arr«ange<l in the txisitums in which they arc most easily acted 
u])on: and (h) that a catalyst, such ns platinum, transforms the molecules 
iv<im a non-rcuclivc to a reactive comlition by absorbing radiations of a 
particular wave-length and returning to the rcacthm-mixture those of an¬ 
other wavc-lciigth that it is capable of absorbing. (.)lhcr .snbstuiicc.s have 
the t»ropcrty of ] ire venting catalytic action, apparently by ^wii.souiiig the 
catalyst, and it is only wdicn thc.so |>oison5 arc removc<l that the reactions 
tiecome feasible. Among such substances arc organic amines, the iodine 
c<Mnp(mnds. the arsenic com]Hmnc].s, the sul]ihur group, inrlmling selenium 
and telluritim and lead, w hich is the worst of all. 1'lic pol.^ons arc supposed 
to act either tiy trunsforining the catalytic agent itit<i a iiou-rcuctive com- 
[Kumd or by coating it so that the substance to be catalyzed cannot come 
uito contact with it. 

Theory of Anti-Knock Fuels.—A new thcciry of the actum of anti- 
detonaifng preparations is advanced in a re]Mirl rssue<] by the American 
(. bcinical Society ctniccriinig researches coverings a large nuinlH.T of chemi¬ 
cal compounds. These researches which were carried on in the chemi¬ 
cal laboratory of t)liio State Uni'ersily by William Hale Church. Edward 
Mack, Jr., and Cecil 1C. Uoonl. showed that conijiounds of lca<l are the 
best anthlotes against kiuKrking in automobile engines. The now theory 
olTcrcd by the investigators attempts to explain the way in which tetraethyl 
lead prevents knocLs; in the explosion which lakes place in the engine, 
tetraethyl lead is dccomjvosed siuldenly into infinilesifiinl particles of me¬ 
tallic lead which act as centers for partial burning. These Hllle particles 
themselves burn as the flame frtml approaches them and Unis they make 
the flame travel faster than if they were not present. This condition is 
<lcscribed as some what like millhins of unimaginably small sparkplugs 
that ignite the gas just ahead of the flame front. 

*‘Thu.s by virtue of the multiple centers of high tcinj)eralitrc created 
by the burning of these little particles of lead,*’ says the report, “there is 
initiated evenly ahead of the main flame front a ]>artial oxidation or an 
auxiliary burning tending to maintain combustion in a region of fuel which 
otherw ise w'onld be subject to detonation. 

“The decomposition temperature of anti-knock materials, taken in 
conjunction with the temperature of ilic cylinder gases, thus determines at 
what stage in the cycle they shall l>egin to function. If the decompoaition 
temperature is low, partial oxidation will l^gin earlier in the cycle and 
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extend throughnut a lar^jcr volume of uuhurned fuel than if it U high 
In the extreme ni thr laller ease, it would cause a lowering in the clficiency 
of the compound, while in the former it might cause slight pre-ignition. 

“The ideal anti-kinick compouiid sh<»uld possess a decomposition tem¬ 
perature which will cause it to hegin it* function just wUh or just after 
ignition of the charge hy the sparkplug.** 

Five properties, accorrhng to the researchers, arc essentia! to this 
anti-knock maltTial. 'I'hc lirsi is volatility, with the boiling ])t»jnl under 
400 deg. C. 'J'Ue second is that the ainomil of free metal liberated when 
the coni]>oun<l is heated in the air should l>o complete. 'I'he <lccoinposition 
temperature shoiibl be belween 2tl0 and MiO cleg. (*. 'J’einpernture.s devel¬ 
oped by oxidation c»f the metal should lie high compared l<i ignition teni- 
pcralure of the fuel. 'I lie particle^ should be of Ciilloidal size tc» favor 
rapid oxidutiori. I'lu* knock in an engine, h is e.splaincd. is snpjioscd to 
1>C due to the fact tliat hnrniiig of a part of the gas inixUire so compres.sos 
the iinbtirned portion that tins nnbiirned |>orlion becomes hoi enenigh to 
ignite s|ionlaiM*onsly. The liMli' particles of lead chvinbitled tbrriughont 
the gas mixtures vastly increaM* the swiftness of the (lame travel and make 
it ])o.ssilde for the llame to r<'aeh e^ery pari of the gas before it has ha<l a 
chance to igrule spontaneously. 

Value of Anti-Knock Chemicals^lmportani tocliemical science, it was 
said, was the finding by the inveslig:U4*rs of a method of ccmittanng one 
anti-knock with anotlier. On the basis of (hit disclosure a table <d values 
wa.s ccnislriicied with lelraethyl lejnl as the basic com)»ounfl. 'fhe re¬ 
searchers determined and classifu'd all anli-knock com)>onnds as well as 
coni|H>nocls without elTeel in a (lacking kncH'k in automobile engines. 
Tetraclhvl lead was found tc* be (be most foniiiduble of ihr anli-knock 
compounds, am) all c<»inpari>on was i>a<^crl upon a value of 100 attached to 
this com 1)011 ml as “(he anli-knock coeibcienl ** 

COMPAKATIVIC \'Al.t I'.S <)1' \NTI-K\(H K C<lMI*(H:M>S 

(il.isnl ntMiii U'.ul Uir.u'lliy] 4 n 100 ) 


Lead* Ulrjclhyt . 

nm 

ItiMiiulli iri|dieiiyl . 

182 

Ix«*id dipiKMty? ilinicttiy]. 

*>7 

Si.iuinc hmIkIc . 

128 

Lead dipiK'iiyl dleihyl. 

03 5 

'lilt dielhyl diiiHli.le .. . 

12.3 

I .cad diplmiyl dimdKk . 

8 n 

laad lliKdceUiu* . 

S.J 

(.cud di|d)Chyl dudiUtridi* ... 

7^ 

1j*iid dii)] .N.iiilli(*KenuU* 

7 1 

I4?ad dicihyl diHdi^nilr 


AiiliiiKHiy iripiK’iul dri<Mli«l< 

4 

t.cad In-jvNylyl . 

M7 

St .11 line t'lilondc 


Lead diphenyl dilirinnidv . 

U] 

*1' 1 i.ti II mil 1 el rael i It »n t ] 

2.7 

Lead teirapluiivl . 

.S9 

TiUumm ictraiddutc 

2.7 

Bismuth tnmcdiyl. 

2 (1’ 

T ri |d icnyi «*ir s i uc ... 

14 

Bisinuih in ethyl . 

202 




German Anti-Knock Fuel.—.A new anti-knock fuel marketed under the 
trade name of Moialm and depending ii|K»n imn pcnta-carbonyl for its 
anti-dctonaling qualities has nwde its appearance in Germany. The fuel 
as it goes into I lie tank usually consists of al>out one jiart iron penta- 
carbonyl, Fc (Co'lft, to from 41X) to 50(J parl.s ordinary gasidinc. As this 
is the first time iron penta-carlKm)d has been used commercially as an 
anti-knock compouml c<insiderablc interest attaches to a description of the 
results which have been obtained with it» as given in a recent issue of 
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Auto^Tecknik from facts supplied by the manufacturers. Iron pentn- 
carbonyl is a yellowish-red fluid of a 8|>ecific jfravity of 1.45 which boils at 
217 deg. F. and solidihes at four degrees F. The vapor pressure at 68 deg. 
F. is about 30 mm. f)f mercury column, and it therefore evaporates uni¬ 
formly with the gasoline. It is miscible with most of the organic solvents 
^with gasoline in all proportions. If protected against light it is a very 
>tablc material; when cxp(»scd to sunlight it is decomposed gradually— 
more slowly when es|H»sc4l to difTiiwl light—iron nona-carbonyl licing 
<]fposited in goliJ<olore<l crystals. When kept in the dark it can he stored 
uidefinitely. 

This iron pcnta-carlKinyl .show.s the surpri.sing jjroperty of strtmgly 
influencing coinhustion. Figs. HK A and H .show the elTccls i>f a quite 
-<iu«ill addituni of iron carUinyl In an nir-liydrogon mixlurc. *l*he ga.scoiis 
mixture was enclosed in a glass tidie four feel long an<l %vas ignited by an 
rk'Clric spark, 'riic flame spread.s s> nieiricully upwartlly and downwardly. 
The phfitogrnjdiic reeords were <ibtaiiicd by means of a iimvable plate nj)on 
uliicli equnl-spaee4l tune marks were imule siiiMiltaiuHmsIy with Ihe com- 
bust ion liy means of a beliiun tube. 



U.^DUgram Showing FUme Propagation. A—Record of FUme Uiing Untreated 

Fuel. B—Nature of Combuation with Motalin. 

Fig. 88 A .shows the flame of a gasoline mixture without iron carbonyl 
addition; Fig. H8 It shows it with this nddllion. 'Fhe mnnence on the 
dame propagation is clearly shown. Whereas in A the flaiiie-propagatiou 
proceeds in a sht»|-like niniiner and is completed after 2 yi time periods, 
with the treated fuel the rombnsihm is slowed up to such an extent that 
tile same <iistancc has been covered only in 5J4 time ]>eriods. The narrow 
strip of light in A also indicates a very rapid combustion, while in H the 
slower combustion produces a wider luminous band. This experiment, 
dicrcfore, shows the influence of iron carbonyl quite clearly. Knocking 
of the engine is due to the fact that the normal combusthm changes sud¬ 
denly into detonation; the gaseous waves which now impinge upon the 
cylinder walls with enormous s|K*ed ]iro<luce a metallic sound, and nn- 
l»ermissably high pressures are prodwce<l. Thus the elimination of knocking, 
considered superficially, is Ihe same phenomemm as the slowing up of the 
combustion in the experiment descrll>ed. 

Peroxides Produce Knocking.— Another theory of detonation and of the 
action of dopes or anti-detonating coinp4iuuds has l>ecn formulated as the 
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result of extensive rescarcli work carried out in the Air Ministry Lalwratorv 
at the Imperial Collc^je of Sciemo. l,on<Um. under the direction of K. O. 
Kin|^, hy l‘l. W. J. Manlles, \V- J. Stern and N. H. Fowler. The experi- 
mcnla) work ch'serihed in di'tail and eomiiuiiled on in a serie.s of articles 


on '*])o|ics and 1 >eioiialioti.*'hy M. 1.. Callender, ptihlislied in recent issues 
of Ett(/i>}n'riitff. 1‘roin the results <»f the e.vperimeulal work the conclusion 
is drawn that, with i*ara11in fuels and ether, detonation is clue to the accu¬ 
mulation c»f peroxides in llie nuclear dr<»]is during ra]>id Ciunpression. While 
the pcroxirlcs arc not formed in cpiantity siirfieient tt* produce hy themselves 
the detr^nation oIisctvcmI. they act us a prfmer, causintf sitnultancous ignition 
<if the drop.s, '{"he metal lie ilopvs net hy reducing tlic jjeroxidcs as fast us 
they are formed and preventing their accnmulnlnm, thus delaying ignition 
of the drops, 

The following items of cviilence arc put forward to support this theory: 


1. It is shown that at lemperature.s such as exist in engines ut the end 
of the coni|jrc.sshm sirtike slow comfuistion la’ciirs U'fieinic.il changes take 
place) in mixtures (d detonating fuels with air. 

2. It is pointed out that |HToxidcs can he forme<l hy the direet com- 
hi nation of fuel molecules with <»xygen molecules, thus ohvuiting the nee<l 
for the [ireliminnry breaking up of moleenles into atoms, whieh fieee.ssitatc s 
<|uiie high temperatures. 

3. Many references are cited to the cfleet that organic peroxides have 
antoxidising and highly iletoiuitiiig characteristics. 

4. U is shiovn that metallic do|ws raise the tenijicraturcs at whieh slow 
combustion begins in fuel iiiiNtnres. henee they <leeroase the aeiivating 
tcmficrature. that is. the <lifTerem*e helwcen the temj^ersiturc exisling in the 
comhustion-chamher at the enci of the comiwcssion stroke and that at which 
slow comhuslion l>eglns. 

5. Mct«allic dot>cs decrease the formation of ahlchytles in j)arafrin*'air 
mixtures in slow coinhustimi exiicrimcnls and pnnnole their formation in 
alc<ih<)hair mixtures; henee the previous theory lluil the ahlehydes ob¬ 
served among the i)r<*ducls of slow comhuslion of paraHui-air mixtures 
are oxidaliou products of alcohols is untenuhle. 

6 . Peroxides were detected aim nig the jiroducts of slow comhuslion of 
detonating fuels, hut none was detecte<l when nomletonafing fucks were 
subjected to the same lemperalures. 

7. Ailding i»rganic perc*xides to the fuel used tn a variable compression 
test engine lowerctl llic maxiinuni Ciunjircssiim ratio which ctmld be use¬ 
fully employed. 

8 . When a j^araffm fumlecanc') air mixture was ]»assccl through a high 
conit»ression engine willunit being ignited, peroNldes and ahleliy<lcs were 
found in them, the projH»rtit>ns of both increasing us the compression ratio 
was increased from six to eight. 

9. Tests in a slow combustion apparatus with fuel mixtures of the same 
kind and proportion shi»wed that more peroxide was honied when the fuel 
passed through in the finely divided liifuid form than if it had previously 
been vaporized. 

The organic peroxides are known In detonate with great violence and 
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?r> induce autoxidation, that is sfiontancous ijjnition at atmospheric tern- 
I'cratnrcs. Testa with the apparatus already described showed that when 
different fuel mixtures were heated up to .VO dcff. C., peroxides occurred 
m the case of detonatiujf fuels, such as paraffins and ethers, whereas none 
or only a trace could he dclccte<l in the ease of nondetonatin^ fuels, such 
as alcohols and aromatics. The addition of metallic dopes to the mixtures 
i)f detonating fuels iuhiliilcd the formation t*f jicroxitlcs. However, detona- 
ilnn takes place <mly scmic time after ipnliun. when the unhurnt mixture 
has been compressed to a much higher temperature. It is, therefore, con¬ 
cluded that at the time dctoualion starts the activating temperature excess 
would he of the order <if deg. C*. **This suggests that the hypothesis 
of the formation of some active ingrcilients iluring comtircssion is worthy 
of serious con sid era I ion in spile of the shortness of the time availahlc.'* 

Some test ro.^ults are (incited In .Uttfftnn/h'r hufMStnes showing that 
m the same engine with the same fuel and the same temperature conditions 
I he highest useful compression ratio is greater the higher the engine speed. 
This ratio for the engine on which the tc^ts were made rose from 4.45 at 
1,200 r.p.m. to 5 at l.OtlO r p.ni. The cxfdanaiion offered is that as the speed 
is iiuTcascd a shorter time is available for the form at ton cd tbe.se assumed 
coiiipoiinds, and the less tbcrcforc ibcir effect. If detonation is caused by 
tiitermcdiate products of combustion produced by the activating excess 
temperature during the latter part of the conijiresslon stroke, the effect of 
rlojics can be explained if the)' can \k sbowii to increase the temperature 
Ilf iiuiial combustion, thus reducing or cliininatiug the activating tempera¬ 
ture excess. It was shown by experiment that an addition of one per cent 
of iron carbonyl raises the temperature of initial coinhustiem of undecane 
150 deg. C.. and smaller additiims stihstaiitinlly proportionate amounts. 

Peroxide Formation During Compression.—Since the formation of 
peroxides In fuel-air mi.xturcs during the ccunpre.ssion jieriod depends chiefly 
on temperature, the temperatures ruTurriiig in engine.s during the com¬ 
pression stroke arc of im|M>rianrc. These arc s<»mcwhal difficult U) deter¬ 
mine. hut experiments with ot>tical indicators on a single-cylinder test 
engine at the Air Ministry LaUiralory led to the figures given in the 
following tabic: 



Temp, at beginmng 

Temp. a( End 

Cmnprcsvion 

of (*fjnif>rrNsio(i 

of Compression 

3:1 

UO 

377 

4:1 

133 

.184 

5:1 

112 

407 

6:1 

102 

429 

7:1 

95 

4.S2 

8:1 

90 

479 


The rather surprising drop in temperature, with increase in compression, 
at the beginning of the coiiipre.ssion .stroke is exjdained by the reduction 
in the quantity of bol gasc.s remaining in the comhusiion-chamhcr and by 
iho reduction in the (juantity of waste heat due to the higher thermal 
efiiciency, with increased compression. It is concluded from these figures 
(hat in a high compression engine rather more of the fuel is in the form 
of liquid drops at the !>eginning of the compression stroke. With the 
higher compressions the fuel remains more in the form of lirpiid drops, 
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which promotes the formation of peroxides. Tests made on an cn^ne 
running on a gasoline-1 ien;^oI mixture and then suddenly switched over to 
undecane while the ignilkm was shut off. showed slight peroxide and 
aldehyde contents in the mixture pas.scd through the engine with a com¬ 
pression ratio of six to one. marked contents with a ratio of seven to one 
and still more marked contents with auto-ignition and detonation with a 
ratio of eight to one. 

Carbon Formation in Cylindera.—In the early days of motoring, before 
the perfected c.arlniretioii and lubrication systems of the present day were 
evolved, engine operation was largely dependent u]»m dejHJsits of carbon, 
which foniircl rajMrlly due U» inij*erfcct burning of the cylimler contents, 
oils with a low flash and fire point and. strange as it may seem, to the 
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entrance of quantities of rc»ad dust. Analysis of carlxjn deposits from auto 
engines showed that iwcr 50% the funnatiun could \>c traced to material 
sucked in through the carburetor and this foreign substance was earthy 
material such as road dust. Of course, the use of air cleaners has materially 
changed this. Carbon in formed in airplane engines, also, but this is not 
of exactly* the .same nature as that forme<l in automobile engines because 
there is considerably less earthy matter in it as there is very little dust in 
the upper air. 

Carl>on formation in automotive engines has become a subject of in¬ 
creasing importance in recent years because of the progressively lowered 
quality of commercial gasoline but this is not a serious problem in airplanes 
using aviation gas. The fuel of today has a much greater tendency to 
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detonate than that used tn former years. Moreover, it dilutes the crankcase 
i>j). thus indirectly increasinjt the deposition of carbon. This carbon, acting 
j)robably as a he«it insulator, results in conditions that favor detonation. 
Thus, in two ways the lowered quality of pre.sent-day ga.solinc has made 
carbon deposition a factor of economic importance in the o])eralion of auto¬ 
motive engines. Two classes of compounds for cnmliating this lowered 
quality of fuel have been marketed. One class is asserted to suppress the 
detonati(m. the iithcr cla.ss to prevent or remove carlxm deposits. While 
some of those in the first class are of real value, test.s .show a large number 
to be worthless. Others, althcmgh of real value in suppres.sing detonation, 
are too co.stly to he of economic itniKirCance. Those in the second class, 
with very few exceptions, have Iven found to l>e worthless. Some have no 
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>*fTect on carl>on deposition. Some even increase it. The regrettable con- 
elusion from testing a miniber iif such comiHmuds is that they were pro¬ 
duced and marketed without having l)ecn subjected to even a gfjod road- 
test. much less to a conclusive lal>oratory-test. 

Donald R. Brooks, in detailing some results of tests made with various 
types of engines to determine the rate of carlxm dei>osition and its influence 
on engine operntiun in the .V. A. Ii. Journaf states that up to a certain point, 
carbon deposits are not detrimental to engine operation. 

The general effects of excessive carbon in the engine are too well known 
to need detailed discussion. By inducing detonation, it results in over- 

















218 


M<>ni:«N AVIATION^KKCINKS 


heating, loss of efficiency and loss of power %vhen power is most needed, 
as, in an automobile, when climbing a long hill. To avoid this detonation. 
compre.ssi(»n>ratios must be kept hivv. resulting in continuous lowered effi 
ciency. In short, c^irlnm has been painicd as black as it Ii»r)ks. 

Four factors arc Iwbcvcd to ctmtrol the formation of carlxm in an engine, 
namely, (a) quantity of oil that reaches the combustion-chamber, 
quality of the oil. fr) rate of break-down of the oil in the chamber, and (il) 
time. Scctmdary fartt»rs arc important only insofar as they influence tbesr 
primary faclr»rs. 

Certain substances arc shtnvn to arcelcrate or retard the rate of forma¬ 
tion of carbiin. C arbon is slurwn to increase inulcriallv the indicated llier 
mal efljciency of an engine rtperating under conditions sneb tlial 110 drtona 
tion or pre-igiiiUou occurs. The increase of efficiency is ftuiud to be 
portional to the weight of the carbon depifsil. 

Tests were run with a mixture M per cent richer than that giving maxi 
nnuu power, m) it is evident that tlte carbon which may be attributed to the 
fuel itself is certainly less than ten per cent of the normal total (|nantit\ 
of carbon, hnleed. certain tests that are not here presented indicate that 
the carlH>n which may be attributed tr» the fuel js less th.in two per ceiu 
of the tr»tab 1 fence it may Imj slated as proved, that engine factors influence 
the formation of carhon only insofar as they influence either the character 
and quantity inl SM|»]dy or the tem|MTattire in the region *»f decomposi 
tion of the oil. Kich mixture.^ result in the formation of mnch more deposit 
than do lean mixtures, because the unva]Mirixc<l fuel that Is present in the 
rich mixture <lilules the cylinder-wall oil-film and results in ituTensing the 
quantity of oil that reaches the conibnsilon-ch.iniher. Certain substances, 
when intriHhiced into the coinlnisiion-chambcr either in solution in the fuel 
or in the lubricating oil, have the i>roperiy of changing the qn.antity of the 
deposit and, in a majority of cases, its comjKisition as well. 

Rate of Carbon Formation.—b'xainination oi the cylinder-head showed 
that there was an apjiroximate time at winch ''flaking," or mechanical loss 
of the deposit by cracking-ofT. iK'gins. As this flaking hecotnes more pro¬ 
nounced, dc|K>sitiiui and flaking probably tencl toward o(|ndibrlnin. that is. 
after a King perirKl of engine opcralimi the weight of the clr)M»sit practically 
ceases to increase. Although the data at hami are Uh* meager to allow of 
mathematical pro<)f of this, cind it cannot be denumstratet! that the carbon 
weight would ajipn^acli a definite value, yet to all practical jiurposes it is 
evident that an eqiiillfirinm weight is reached which is dependent upon the 
conditions of operation. Thus, in one case, with a lean mixture and a light 
load, 607 hr. of operation produced 7.70 grams <if carbon, whereas, under 
heavier load and with a richer niixlnre, 150 hr. of operation gave 22.35 
grams of carbon. While in each case the deposit of carl>on \vas still 
increasing slowly, it seems cv blent that the light-load operation would 
never produce as much carl>on as the heavier load had produced in 150 hr. 
This is an important consideration in connection with aviation engines 
which operate under heavy load conditions practically all the time a plane 
is in flight. It was noteil. also, that whenever the cylinder-heads, upon 
being removed, showed oil above the pistons, the dejmsit of carbon in the 
cylinders was unusually large In quantity. Oil-srr.aping rings w'ere then 
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itted carefully^ in the l>elief that excessive oiling caused the irregular 
icjHJSition. Tests made with those new rings showed a much smaller 
deposit, so small in fact that it was evident that the errors introduced in 
^craping would be an undoiihtcdly large percentage of the total error. 

The following is Mieved to be indicated by tlic tests as fact: 

(!) Caflx)n formed in iiUeninl-contlnistion engines arises from thermal 
decomposition and <».\ulattoti of the Inhricalitig oil 

(2) Factors that influence the rate of de]>ositioM of carlnin arc those 

which aflcct the (|u«intity and character of the lubrirating oil that 
reaches the com bust ioiwhani her and its rale of break-down in 
the combustion-chanilwr 

(3) The total <|uaniity of carlxm that wtmtd be filmed in unlimited 
time is ([cpeu<leiit ii|>on the coiulitkmN of engine <»|ieration 

(4) An increase in carlwnt <lciv*sil increases the indicated thermal cfH' 

cicncy of an engine aivl the gain in efiiciency is proportional to the 
increase in the carlum deposit 

(5) An increase in absolulc lintUKhiy in the air-fuel mixture appears 

to increase the indicated thermal efficiency of an engine. 

QlT.sTKiNS KH< kPVlKW 

1 Why aio ImiumI 1ik*K kUmI fi*r airiiLiiu* t'liMiiw^*' 

2 Wh<i1 l1(e loiniiioit Inci and Imim is ii ulUailwiP 

3 C.iu furls hr umhI cthl.iMU'cl frnin oihri iImii iiiiiiiTal Miiinrs' 

4 What »s "crackH’* K.isnlnir' 

5 U hal arc ihc iiiipnrinut charactcrisln s nf a ^hhI furl f^r ciikiiics^ 

(). When IS ^.isciins fuel praclual h»r airciaft^ 

7 . Whrii is ‘-hluv" ira-r 

H. (Kilhnr ^•irlcms |hn»rics the causes f*f fuel Kinnk in engines. 

Wlul IS llir best anli-ki«(H'k cliniiicaP 
lU. Wliat tau>v» carbuii furiiiatnuj iii engine ii»ijihii>ligii-cliiiiul>crA? 
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FUEL SUPPLY SYSTEM—PRINCIPLES OF CARBURETION 

Liquid Fuel Storage and Supply^Wasp Fuel Syetem^Fuel System for Liberty En¬ 
gine-Fuel Systems for Long Flights—Vacuum Fuel Feed—Vacuum Boostera^ 
Electrical Fuel Pumps—Barlow Fuel Pum^^Air Service Typical Fuel Feed- 
Principles of Carburetion Outlined—Air Needed to Bum Gasoline—What a Car¬ 
buretor Should Do. 

The prohlcin nf gasoline storage and method o( snpplying the carburetor 
is one that is dcterniined solely l»y design of the airplane. While the objecl 
of designers should be to sujjply the fuel to the carburetor by as simple 
means as possible the fuel supjdy system of some airplanes is ejuite com* 
plex. The first i»oint to consider is the location of the gnsobne tank. This 
tiepends iip<m the amtuint of fuel needed and the s]»nce available in the 
fuselage or in the airplane wings. 

Liquid Fuel Storage and Supply.—A very siiu]dc and compact fuel .sup¬ 
ply system is .shown at J'lg 8*-^ A. In tins instance the fuel conlaiiier is 




Fig. S9B.—Avro Biplane with Fuel Tanks Located Under the Top Wing at Each Side 

of the Center Section. 

a manifold as indicated, is joined to the tank by a short piece <d copper or 
flexible rubber tuhuig. This is the simplest ]Kissil)lc form of fuel supply 
system and one used nn a number of excellent airplanes. Another system 
is to have a tank in the center section of a biplane ujjper wing or high wing 
monoplane. In the Avro training biplane shown at Fig. 89 B the fuel tanks 
are carried each side of the center section, and are attached to the under 
surface of the top wing. The method of carrying the fuel tank in the Pit¬ 
cairn airplane shown at Fig. 90, back of a fireproof bulkhead and high 
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enough to permit gravity flow is typical. The engine installation with its 
carburetor placed below the crankcase and well below the bottom of the 
tank is shown at Fig. 91. 

As the sizes of engines increase and the powerplant fuel consumption 
augments, it is necessary to use more fuel, and to obtain a satisfactory flying 



radius without {rc<juctit landings for Ailing the fuel tank it is rtecessary to 
supply large containers. The way this is done in the Vought Corsair Navy 
plane is shown at Fig. 92. The fuel tanks are plac^ on the sides of 
the fuselage and form a continuation of the streamlining. 
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Fig. 90.^How Fuel Tank Is Mounted in Pitcairn Airplane to Secure Gravity Feed to 
a Carburetor Placed Below the Engine and Mounted in Front of the Tank. 



Pig. 91.^InitalUtion of CurtUa OXS Motor in Pitcairn Airplane Showing Alloy 
Steel Support Tubea for Laminated Wood Engine Bed Piecea. Note Carburetor Plae* 
ing at Rear of Engine and Juet Forward of Fuel Tank in the Fuaelage. 


P. AND W. WASP FUKL SYSTlCAf 


2^3 

When a very powerful powerplant is fitted, as on battle planes of high 
capacity, it is necessary to carry large quantities of gasoline. In order to 
use a tank of sufficiently large capacity it may be necessary in carry it lower 
than the carburetor. When installed in this manner il is necessary to force 
fuel out of the tank by air pressure or to jnnup it to a gravity feed tank 
because the gasoline tank is losvcr than the cari>uret<»r it supjdics and the 
gasoline cannot flow t>y gravity from the main tank as in the simjder sys* 
lems. While the pres.sure ami gra>ity feed systems arc generally used in 
airplanes, it may be well to describe the vaciimn lift system which has been 



Fig. 92.^Three-Quarter Side View of the Fuselage of Chance Vought Coruir Airplane 
Used by the U. S. Navy. Showing Installation of Main Fuel Tanka at Side of Fuselage. 
Where they are Easily Accessible for Filling or Inspection. 


witloly applied lu motor car.s and which luav have semie use in connect ion 
with airplanes as certain ty|>cs of these machines arc developed that will be 
used for purely ctnnmercial hying. 

Wasp Fuel System.—The I’ratt and Whitne}' Aircraft Corporation rec¬ 
ommend the fuel system sh<>wn at Fig. 93 for use in connection with their 
“Wasp” engine. The carburetor is a Stromherg Type NAY-7A. The use 
of a Pratt and Whitney fuel pump is recommended, whether or not the fuel 
tank is above the level of the carburetor. One-half inch diameter tubing 
is recommended for all fuel connections, and in no case should smaller than 
H in. diameter tubing be usc<l except for the safety drain from the fuel 
pump gland. The latter is % in. and must he carried down and out of the 
cowling without sharp hends and traps an<l he cut ofT .square. The piping 
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required includes a supply pipe frotn the main tank to the fuel pump and a 
return pipe from the fuel pump back to the tank as shown in piping dia* 
gram. A pipe from the fuel pump to the carburetor is supplied. There is 
a ^ in. pipe tap in the carburetor which can be used for connecting to the 
fuel pressure gauge. A six-pound gauge should be used. A strainer is in¬ 
corporated in the carburetor, and all fuel .should also be strained when fill¬ 
ing the tank. In case it is desired to dispense with the use of a fuel pump, 
the bottom of the fuel tank should be at least four feet above the carburetor 
with the airplane tail down, which calls for a center section mounting of 
the fuel tank or a wing mounting if the engine is installed in a biplane. 



Diagram of External Fuel System for “'Wasp" Engine 


Fig. 93.—Diagram of External Fuel Syatem for Pran A Whitney "Waep” Engine. 

The primer furnished with each engine can he mounted on the instru¬ 
ment board or near the starting crank, and connected to the primer piping 
which is already on the engine. 'Fhc fuel supply for the primer can he taken 
from any convenient point, preferably at the lowest place in the line, but 
certainly where fuel is always available. A shut-off cock must he included 
in the primer supply line at the primer pump, to prevent fuel from entering 
the engine through the primer system except when priming. 

Fuel System for Liberty Engine.—The fuel system utilized in early 
D H 4 airplanes using the Liberty engine for power is shown at Fig. 94. 
This was an air pressure system using an auxiliary tank in the center sec* 
tion. The fuel could be drawn from either the main tank, where it was 
displaced by air pressure produced by an engine driven atr pump, or from 
the auxiliary tank by gravily, depending on the position of the cocks in 
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Pif. 94.^Pticl Supply System of Early Model DH4 AirpUaet Using Liberty Engines, in which Gasoline was Displaced by Air Pressur 

in Main Tank. 




fee<f Tank.40C Litres 



Pif. 9S.^Dta^am Outlining Fuel Storage and Supply System of the Parman *'Blue Bird** Airplane. 
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the fuel lines. The arrangeineni can he easily un<!erstoo(l by study of the 
diagrams. 

Fuel System for Long Flights.—When airplanes arc prepared f(*r long 
flights, the problem of storing the large amount of fuel required is one that 
calls for considerable study. The arrangement of main tanks in the Par- 
man Bimotor "Blue Bird" and the.ir relation to the feed tank carried in the 
motor nacelle depending from the lop wing is shown at Fig. 95. The 
amount of fuel carried was 9,000 liters (2.2,S0 gals.) in eight main tanks 
and 400 liters (approx. 100 gals.) in the feed tank. F'eed jiipcs lead from 
each main lank to a collector tank, each feed pipe being cfintrolled by a 
shut'olT Click so one or all can be joined to the collector tank which has a 



Fig. 95A.—Showing the Record BreskinK Army “Question Mark*' Tnmotor Mono¬ 
plane. B is a Front View of the Pokker Showing the Three Wright Whirlwind 

Motors Used for Power. 


capacity of slightly more than twelve gallons. Two ]mmps are connected 
iu niulliple lictween the collector lank and llie pipe feeding the upper sup¬ 
ply tank. One of these is an electric pump, the other Is a hand pump. As 
two engines are used, one driving a tractor screw, the other a pusher, two 
feed pipes branch off of the feed tank outlet, one going to the front engine 
carburetor, the other feeding that of the rear engine. The electric pump 
i.s depended on to keep the supply lank filled, a gauge iiullcating the amount 
available in the fuel supply lank at all times. The hand pump is used for 
starting and for emergency sei^*ice. This is usually of the type known as 
a "wobble" pump. 

Refueling in Flight Proven Practical.—Although it has broken every 
record for sustaining human beings above the surface of the earth, either 
in balloons, dirigibles, or heavicr-than-air craft, the Army’s Fokker Tri- 
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motor Atlantic C2A monoplane **Question Mark*' ia in no sense of the 
word a ''.stunt’* plane. It is a true flying laboratory: plaune<l to test the 
durability of "Whirhvincr* engines in continued operation u'hile in the air. 
to test (he plane, its equipment, and its crew (nr the effect of long cemtinued 
flight: l)ut most particularly planner] to test the practicabilily of regular 
refueling of planes while in full flight and with preseni equipment. Fol¬ 
lowing the rectird att(*ni]d. Major (*arl Spalz, coiiiinanding cjfficer of the 
endurance flight, stated that the chief thing they had accotnjdishcil was to 
refuel so many times and under s«> many varying conditions that no erne 
could doubt the cninplclc .success <if rcftiefing niclhods which have been 
developed. 'I'lie exeerps wIik*)i follow were taken from a enin)>lete tie* 
scriptive article that appeami in the January VH\\, issue td sirialioti. 



Pig. 95C.—Showing Hose Connection Between Refueling Plane and "Question 

Mark" When Tranaferring FueL 

It is interesting to know that .17 contacts were made during the 150-hour 
flight between the "Question Mark'* an<l her nurse plane.s. The .17 con* 
tacts entailed a t<ital of approximately four hours of contact flying. During 
this four hours of contact more than 5.(XX) gallons of gasoline, 250 gnllons 
of oil, and approximately 2.000 pounds of food and supplies were trans¬ 
ferred to the "Question Mark." This totals almo.st 42.000 pounds of weight 
handled or almost 21 tons of material that was placeil on board the tri- 
engined Fokker while in flight. Numerous night contacl.s were made, some 
of them despite low visibility and bad air currents; and on one occasion 
a seven minute contact was made when all lights on the ''Question Mark" 
were out due to low batteries. 180 gallons of gasoline being placed aboard. 
Nineteen full meals were transferred to the crew, while still warm, and 
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jiinre than two dozen quarts of ice cream were |daced on board while still 
cold Telcprams. letters, a collapsible bath ttib, a 5iUi)ply nf bath t'wvcls. 

oolen underwear, a rubber suit for Major Si^atz, a window for the cabit;, 
to replace one that had blown away, and manv other ileiu'i of miscellaneous 
nature were delivered to the crc’w. It is quite apparent that refuel and 
•ui'ply methods arc now feasible enough to kceji a plane up indefinitely 
tf engines could be kept liirnin^ over. 

The crew on the “OnesiUm Mark** consisted (»f Major Carl Spatz, in 
roiiiMiaiul; (*aplaln Ira C. F.aker, secciml In coinmand and clncf t>ilol; I'irst 
Lieut. Harry A. 1 lalversoii, pilot: Sec<»iid l.ieiit. KUvfio<l U. Ouesada, pilot; 
;i)id Staif Ser^l. Koy \V. IbH^c. mechanic. 

'fhe only 4»Aicial recorfK to be credited to (be jdanc are two new refud- 
nip records, <nic of the new .Aniericaii reconl for liavini' surpassed (he 37 
liuiirs, 15 minutes and 4f) secuncls tlij;h( i*i j.ieufs. Lowell Sniilli and J*aul 
Richter (»ver San ! )ie^o, Cal if., in an Annv 1 h* Havdaiul dnrint; V>2^. ami llie 
i*ll»*r a new wtirld's r<Tord for endurance bv means of rcfuelinj; because 
nf cNCelhii^^'* the <i> hours. 7 minnics of Adjutant Louis Croov and 

Sergeant \ ictor Groeneu, made m hei^'iinii during 'fhe new Amer¬ 

ican aii<l \v<»rld refuel 111 eiubi ranee record n<»w stands at 150 htmrs, 40 
'itliiulc.s 14 sccomls, the start lijoiiii^ been made at 7:it»:4() A M., January 1, 
and the landing; at i*07.01 I’.M , January 7. Moth slarl ami 

1*111 Isli were <ni the rniiways of the l.os .Angeles MetrojMditan Airiiorl, Van 
Vnys. Calif. under (he siij»T\ isioii of N. A. A. t»rtlcials, 

In addition lo breakmji all distance recoials (he *’(Jiie<lion ^^a^k*‘ sur- 
na'^'ed (lie follow mj* records for cndiiruiice. but since they arc In a different 
class she cannot claim anv of them. Amencan Ismlurance without refuel- 
nip, block and Schlee. Imurs, |0JS: W’orhL.s heavier-llian-air. Johann 
kistuv and W'llhebn Ziimiieiman, ^5 hours. luinntes. German\. Sjdien- 
.,i! balloon emlnrance, Kaiileii of (Germany. S7 hours: (iraf /.ejijielin, 111/j 
Imiirs on flipbt U* America: l’‘rench «hnpiblc **l)iMnudc,*' 118 hours, 
*11 inimitcs. 

Som« Advantages of Aerial Refueling.—A \ery iiractical (M>inl is that 
l'\ rcfnclinj; often, a transjMirl (dane may carry less fuel and uujrc iiay“loa<l, 
l*> eliminaliiij; iiiterni<*rlta(e lambnp the wear and tear on the (dane is 
j^reallv lessened and the ehineni of ilanper which always enters into a laiid- 
mp is re<lnce<l in pn>porln»n as the iiilennoibate stops arc eliminalecl. 'I hat 
aerial refuel mp' wdl p^reatlv speed tiasseujjcr t rails jjcjrt was demon si rated 
• v two rcfiicdmps of ihc *'( hiesiuni Mark’* diiriiip her Ilipht to the west 
<oast. Over Ihdlas. Texas, an aeiial refueling was accominishe<l without 
debyini; the ))laiic more than se\en minutes, which were used in circling 
Ji)c iicld ami coutacliiitr the nurse t>lanc. C»mtinuiiu; on t<i 'rucsiiu, 
^^zolla, the *‘( Question Mark*' laiidc<l for refuelinpr by n pood prouiid crew' 
uhich was prepared to refuel quickly, yet the operation consumed 40 min- 
nies. eouniinp tlie lime lr»st iu landinpand lakinp-off. Tins is a clear pain 
'•F more than half an luuir. in a fair lest, on just one (qn'ralioii. 

ffavinp so dehnitely jirovcil the ailvanlapes of aerial refuelinp. even 
with present crude eqnipiucul. Maior .Spatz visions the lime iu the near 
Hjiiirc when <lcsipners will build larpc tr.insporl planes especially fur re¬ 
veling and repair of eiipincs in mid-air. These planes would probably ho 
*f 201) or 300 feet wing spread, it Is thought, with engines entirely housed 
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Fij. 95D.—Diagram Showing Process of Transferring Gasoline from Large Tank Carried by Refueling Plane to Large Main 

of the "Question Mark" from Which the Fuel is Pumped to the Wing Tanks by Hand Pumps. 
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and accessible to mechanics. pro|>ellers being gear driven. By using a 
somewhat longer hose any fiussihility of contact between the two planes in 
i(»rniation crnild be eliminated, and by perio<lically adj«>.ling the engines 
fiefore they begin to lose i>ower the big plane conld he ke])t in full flight 
across the country. Such large planes would probably be accommodated 
iinly at .special terminals of each coast and woiibl make no intermediate 
Stops. 

How Fuel and Oil Were Transferred While in Flight.—During the re- 
lueling <»peratious C'ajnaiu F.akcr wouhl fly the Fi»kker in normal level 
(light while the refueling plane came up from the rear and look p(»silion 
alniul Iweiily feet aho\e the **Qne'slion Mark*’ atnl a very liule hit ahead, 
iivually with the tail sk\<\ ahuut over Major Spalzs head as shown al Fig. 
05 (*. Major Sjutlz e^miplelcil the refueling connection by oj)ening the traj) 
iUtor in the iHMif and standing on a raised iilalfunn wilh his lieii<l and shouh 
ders out of the filane. then as the 1K**tnch hose was lowerc<l, he would 
grasp It and im^ert it into the funnel winch fe*l the reserve tanks, thereafter 
holding the hose in ptnee till the fueling n]H*ratu»ii was conijiloUrd. Nor* 
inally there svas no jiereeplihle xarialioti in the clistanee between the two 
planes hut on three oeea''MiMis. the refueling plane jnilled away an<l sliow- 
vrc<l Mujetr .Spat/ wdli gas*dine before the o]u*rator above was able to stop 
(he Mow. 'riie < I raw mg a I h*ig. I) shows the internal arrangement of 
tanks in sup|ily jilane and the "(hiestion Mark.'* 

f)il Mas j»asse<l to the “thiestiou Mark'* through the trapdoor in the 
rahin roof, being received in five gallon cans und poured into a 60 gallon 
reserve tank 111 the main cabin Fen/oil triple extra heavy was the only 
* engine oil used, and it was jmmped to the engine tanks by means of a large 
liami o]>eru 1 i*d Mobble pntnp on (lie left forward sule of the cabin. 

IVobablv the most interesting part of the special eejuipnient was that 
by which the Feiizoil triple extra heavy in the engines and engine tanks 
was jicrioilically drained and replaced by fresh oil; und the niaiiner in which 
all rocker arms of all three engines were kepi lubricated fnmi the main 
cabin. 

From the reserve siij^ply of lubricating i>il, copper tubes led to the three 
engine lank-', pennilting these tanks to be filled at Mill. Valves were also 
pi<)vide<l al each lank by xvhicli they could be drained <»f ohl oil. On the 
nacelles tliese valves were loealed below and to the rear of the nacelle 
l»i'ol>cr niicl were operated by Uiripic rods cunnecled to an indicating board 
vMihin the cabin, one on the right side and one an the left, which told 
whether the valves M'cre feeding oil to the lank. <lraniing it out, or were in 
llie closed |><»sitioii. Ferioclically the mechanic. Sergt. Roy Hooc, would 
I urn the oil drain valve from inside the cabin, drain out the M'orn oil, close 
the oil drain vahe, open the feed valve and pump the engine tank full with 
die wobble pump, thus keeping fresh oil in all engines throughout the 
flight. 

For greasing the rocker arms a system of copper lube leads was in¬ 
stalled, all of which tenninalecl al a board in the forward part of the main 
cabin. There were three tvjiical Aletiiile connecliotis on the board, one 
connection for the pipe line leading to each engine. In order to grease the 
'alve nieehanism of anv jiartienlar engine Sergeant M<M»e simply connected 

onlinary Alcinh<’ pressure gun to the jinuMT lennimil an<l shot \lcinite 
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g'l’efise lliroii^^h the in*|>e Imo 1 <» ihc rocker arms of the desired cnffinc. The 
I>i|ic fine to each engine was (livide^l l>ct\veeii llic uj)]>cr two cylinders an<l 
lead in series from rocker arm to rocker arm each way around the engine 
until the lines joined at the }>ottom. 

Vacuum Fuel Feed.—One of the marked tendencies in automobile en* 
j/ineerin^ has been llic ado|iliftn of a vacuum fuel feed system to draw the 
gasoline from tanks placed lower than the carburetor instead of using either 
exhaust gas or air pressure to achieve this end. The device generally fitted 
is the Stewart vacuum feed lank which is clearly shown iti section at Fig 
96. In this system the suctum of a nudor is cmjdoycd lo draw gasoline 



Fl^. 96.—The Stewart Vacuum Fuel Feed Device U&ed on Numerous Motor Car 

Engines. 

from the main fuel tank to the auxiliary lank incorporated in the device and 
from this tank the liquid flows to the carburetor It Is claimed that all the 
advantages t»f the pressure system are obtained with very little more com¬ 
plication than is found on the ordinary gravity feed. While the device has 
been wi<lc]y applied to automotive engines used in motor cars, it has not 
been used in airplanes U* any extent, becnnsc to have a device of proper 






VACUUM FUiCL SUVVi.Y SS STKM 


2.53 


•apacity would call for considerable weight and the electric or mechanical 
fuel pump systems nr displacement by air pressure answer al! requirements. 
The mechanism is all contained in the cylindrical tank shown, which may 
lie mounted either on the front of the bulkhead or on the side of the engine 
.IS shown. 

The tank is divided into two chambers, the upper one being the filling 
.'bamber and the lower one the emptying chamber. The former, which is 
i\t the top of the device, contains the fioat valve, as w'cll as the pij^es run¬ 
ning to the main fuel container and to the intake manifold. The lower 
. haniber is usetl to supply the carburetor with gasoline and is under at- 
ino.sphcric pressure at all times, so the flow of fuel from it is by means of 
gravity only. Since this chamber is located somewhat above the carburetor, 
there must always be free flow of fuel. 

Atmosjdicric pre.ssnrc is mnlntaiiK*<l by the pipes A and B, the latter 
Mpening into the air. In iwder that the fticl will be sncke<l from a main 
lank to the ut>per chamber, the suction valve must be opened and the at- 
nir>.sphcric valve c1ose<l UimUt these coiuMticms tbc float is al the bottom 
and the suction at the intake manifold pn^lucos a vacuum in the tank w'hich 
draws llic gasoline fnun the main tank to the upper cltambcr. When the 
itjjpcr chamluT is filled at the proper heiglit the float rises to the top. this 
clo.sing the .suction valve and opening the atmospheric valve. As the suc- 
I'on is now cut tiff, the lower chamber is filled by gravity owing to there 
being attnosjdicric pressure in both upj»cr aii<l lower chambers. A flap 
valve is provided between the two chambers to prevent ibc gas<dinc in the 
lower one frt»m lieing sneked back into the upper one. The aimosplieric 
and suction valves arc c<mtrfdled by the levers C and D, both of which arc 
pivoted at E. their outer eiuls being connected by two coil springs. It is 
'cen that the arrangement of the.se two springs is such that tlie float must 
be held al the extremity of its movement, and that it cannot assume an 
nitermediate position. 

This intermiiteni action is required to insure that the upper part of the 
lunk may be under aimos]»hcric pressure |»arl of tbc lime for the gasoline 

flow to tbc lower chamber, \Vhcn the level of ga.M»linc drops to a cer¬ 
tain point, the fli^at falls, thus opening the suction valve and closing the 
tUiiosphcric valve. Tl^ suction of the motor then causes a flow of fuel 
innu the main conlainef. As SiMMi as the level rises to the pro))cr height 
the float returns to it$ upper position. It takes alnmt two second.^ for the 
< bamber to become full enougli to raise the float, as but .OS gallon is trans¬ 
ferred at a lime. The jiipe running from the bottom of the lower chamber 

the carburetor exieml.s up a ways, so that there is but little chance of 
bn or water being earned to the float chamber. 

If the engine i.s allowed to stand long enough so that the tank becomes 
'‘•'tpty» it will be repleni-shed after the motor has been cranked over four 
>r five times with the thr<»Ule closed. The iiislallalion of the Stewart 
' acuum-Ciravity System is very simple. The suction pi]>c is tapped into 
he manifold at a point as near the cylinders a.s |K»&.siblc. while the fuel j>ipe 
‘ inserted into the gasoline tank and runs to the bottom of that member. 
• here is a screen at the end of the fuel pi|>c to prevent any (rouble due to 
deposits of sediment in the main container. As the fuel is sucked from the 
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;;asoline tank, a small vent must he made m the tank hller cap so that the 
pressure in the main tank will always he that of the atmos)»hcrc. 

There is some cjncsliim as to ilie reliahility of such a fuel fcetl system 
if installed in an airplane, when it Is inanciivcrecl or stunted. One of the 
difficulties that has prevented the air]dane cn^dne dcsi^ni^v makinfj use of 
this system is that aircraft enKines arc operated with lar^e throttle open* 
inps, compared to autoinohitc cii^»ines and the suction in the manifold 
would he lower than in an auttmudnle. which is o)>erate(l at less than maxi* 
naini enifinc spce<l most of the tunc. I'hc airplane enjiinc must he deliver¬ 
ing full power to attain tnaximniii air s)>eed and even at cruising speeds it 
running at thrce-iinarter full tlirottlc Sii the Mtctimi elTect i.s not enough 
10 iiiMire ahsolule fuel feed at all times. 

Vacuum Booster.—A1 though it has been in use now for several months 
liv a nuniher of unluniohde niaimfacturrrs, the \aeuuiu booster should also 
lie included in tlie hsl of new <levelopinenls. It Is well known that in a 
number of modern eugine.s. inlet inanifohl vacuums have fallen so low that 
vacuum tank operation is sotnelnnc.s iirisatisfactory. c>|»ec’iaf]y at the lower 
s|)ee<ls with full throttle oiH’ration. To obviate this without resorting to 
tuechanical or electrical nieuiis. the h<M*stcr slmwn in big. 97 is offered, 
It is merely an injector admitting additumal air to the inanifohl, the injector 
action increasing the vacuum at the lank, it is claimecl. around 400 per cent 
at firl] throttle. OjUionally with this is offered the camshuft-driven vacuum 
pump also shown at l**ig. 97. It makes po.s.sildv the n^c (d a smaller vacuum 
tank. The function of the pump ts to iiKiinlatii a deliinte miniinuni vacuum 
for satisfaclorv operation. .As long as the manifold vacmini is above this 
lioint its opcrntitiu lias no eiVecl. it being closed off by a clieck valve between 
)l and the niauifold >acuiuu outlet connecliuti. 

Stewart Fuel Pump.—-Another unit offered is the mechanically-operated 
fuel pump ul&o slujwii at Ftg. 97. This does nut differ in principle from 
similar designs cm the market, being driven from tlie camshaft by an eccen¬ 
tric. its variable stroke for tbe diaphragm is obtained by a “piston** pulling 
(III the diaphragm in pro|K»rlicm U* the back pressure from the carburetor 
float cbamlier. A leather cushion for the pisum i.*^ provided to absorb the 
shock. 


The makers of the vacuum lank, reali/ing that there is a variety of auto¬ 
motive applications where the simple gravity-\ acuum feed tank is not well 
;i(lapU'<l have designed other systems. ‘I he Slewart-Waruer Speedometer 
Corporation have not tmly imtiroved the vacuum tank system.^ uf fuel feed 
Iml have deveU^ped other interestiug tyi*es. These include: 

1. A self-contained system mcor|M/raiing in one unit a carburetor, a 
magnetic fuel pump an<i a jmmp regulator (Fig. 98). 

2. A varialiuii of this system having the Carburetor and pump control 
in one unit and tbe putnp itself located in the gas tank. 

3. A further variation with all three units set>araled, the pump in the 
tank, the regulator on the dash, and capable of using any carburetor. 

4. A .standanl system using a mechanically operated fuel pump which 
is operated from the camshaft as shown at Fig. 97. 

5. An improved vacuum tank tyjic of feed. 
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Pig. 96.^Stcwart Carburetor at A* Combining Electrical Fuel Pump and Filtering Device in a Single Unit. Vertical Section of Single 

Unit System through the Carburetor Axis Shown at B. 
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6 . The vacuum tank system supplemented hy a vacuum booster mounted 
either on the intake manifold <ir on (be tank itself. 

7. A combination of vacuum lank and vacuum pump, the latter driven 
from the camshaft and effective only at low manifold vacuums to supple¬ 
ment tank action. 

Each system has specific advantages. In principle both vacuum tank 
and mechanically operated pump s) stems are no longer experimental. The 
first three mentioned are unkjiic. however, in that they are electrically 
operated. There have been some olijectinns in the past to engine driven 
pumps on llic ground that tlicy cannot function until the engine has been 
started. The cleclrically-o]H*raled and controlled systems, on llie other 
hand, can be and arc made to fuiictum immediately <»]1 the turning on of 
the ignition .swileb. It is also elaliiicd lluit the electric i»luijger pump will 
runction )>el 1 er tn cold weather than the diaphragm ty]>e. In addition, the 
electncally-oper.nted an<l ct»ntr<»lled iMinip is a true accessory, iu that it does 
not rc(|nii'e building Into (he engine. 

Electrical Fuel Pump.—Taking the first of the three .systems that use 
the clccirical |niiiij». that of (lie self-conlaiue<l unit, its advantages arc stated 
U> be coinpartness. rc<luctiou of lalmr retpiircd for installalion. and lower 
cost than for the niechnuicaMy o]»erati'd juinip .system, especially when 
necessary engine eb.'iiiges are taken into account. The reason for using an 
electric pum)» in the self-ci»nlaim*d unit rather than a restriction to bring 
the fuel to the carburetor is iIkiI the latter teiuls to choke the engine. A 
vacuum o|icraled puiufi. iiioreutcr. vvMtihl retpurc t<Hi large a diaphragm 
for efUcieul operation vMlh (he low inanibdd inlet vacuums avai)a)>lv at full 
throttle. 'I'he pump itself is of the magnclically-oiicraled pluuger type and 
lias a cu])aci(y of scNcutccn galbnis per liour in its present form. The 
plunger is conifKiscd of iiiugnict irmi Attfd with bakclitc rings, alternate 
rings fitting tlie plunger shaft and the brass sleeve in w'hich the plunger 
rides, thus fonning a self-a<ljiistiiig seal. Ity this means the necessity of 
grinding or lilting any metal |)arts to close biiiits is eliminated, reducing 
the cost. To assemble the Hugs on the |dunger, a metal jiacking ring is 
l)resse<l on. Reference to I’ig. W A will make the design clearer. Pressed 
onto a ijiu pressed into the jdtuiger at the outer end is a hardened cam 
whose ftmcti(»n is to trip the i»uiiii» circuit. A Iwrdeiied roller rides on 
ihe cam shown in Fig, VS A. In the iionnal i>osition this circuit is closed. 
When tlic diaphragm in the carburetor closes the main circuit, which is in 
series with that of the pump, the magnet core is energized and draws the 
plunger in agaiiv‘>l spring teiisiim. The cam finally trips the circuit open 
and the ]>Iunger returns to uormal po.siiion again, closing the puni]> circuit. 
The circuit breaker mechanism i.s mounted on a hakelite disc for insulation. 
The pump Ls a d*>uhle-aetiug tyjie. All pump valves are of the flapper, 
spring-.seated type, very light in ot»eration. At the inner end of the pump 
holes are drilled through the plunger stop. The inlet valve at the bottom 
is mounted on the pump m<iunting carburetor flange, and the outlet on the 
pump casing. Operation of the other side of the puni)) is <[uite similar, 
both the inlet ami the outlet tlajipcr valves being located on the pump hous¬ 
ing. As will he noted from sectional views, the conlari points for the elec- 
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trical circuit arc located in compartments containiiif^ fuel. This might lead 
one to expect a considerable fire hazard. Stewart-Wamer engineers claim, 
however, that they have hccii unable so far to fire any combustible mixture 
by means <if these breaker points. 1'hc current re<|iiirefl is very light in 
amperage and is taken from an ordinary six volt storage battery. 

Coincident with the clevelopnienl of the self-contained unit a new car¬ 
buretor was dcvelojwd by Stewart-Wanicr, which has a fixed diaphragnj 
in place of the usual valve, the diapliragni being c<mlro)1cd by a column 
of fuel above it. With llic built-in electric puinj» this dia]>hragni is made 
use of to control the action of the eleciric \nuv\> by making it open and close 
an electric circuit. It is claimed that w*ith this design much closer regitla* 
tion of the fuel level can l>c uluained. 


Incidentally, the suctmn-ojierated diaphragm also o))erates the econo¬ 
mizer through a small valve, 'riie carburet nr is also e<|tu]>pc<l with a fourth 
“jet" to provide a niamial control if it is desired to cnnclt the mix In re 
throughout the range o{ air si»eeds, as in wariiiiiig ui>. It is lirougbl into 
action by pulling out the choke bnltun and remains in action after release 
of the choke button ami cUising of ilic choke valve, until n secondary ilash 
control button, pulled out by the clti»ke. is pnsbe<l in. 

The second and ihiril systems do mu diifer m ojieraiioii from tlie single 
unit fuel feed. In both of these the jMirn]) is located in the gas lank at the 
rear. Tlie design of the pnnifi is a M*]«irale iiml for surh instalintioii. 'I'be 
only dilTerenee U'lu-eeii iIk* two systems is that the first retains the electric 
pump control on the Stewart earlmrvtor. while the latter jicnnits the use of any 
carburetor through separate location of the pump eoulml. which in turn 
is controlled by the carhuretor fliiat nu'clcinisiu ns with nKviL*Liiically-o|K*ratcd 
fuel ]ium])s. 

One of the features of the imjiroved lank is the elimiuntion of all springs, 
which should make its operation more reliable. Tbe check valve to the 
outer chamber is extremely simtde. It consists merely of a small fabric 
disc fastened on by a spring clip, the seat beings <ni the metal rather than on 
the valve. Operation of the tank is by meau.s of a float which has a brass 
plate of O.O.^I in. thickness attached t«> it at the bollnm for weighting, the 
float gui<ic having been eliminated. The tank is furnished either with or 
without integral fuel strainer. Tl is faslene<l on by imNaiis <if a sjiring^ clip 
provided wdth an eccentric to lock it in place. This slrnincr, if fiiniTshcd. 
is equipped with a sliut-olT valve so that the removal of the bnlb for clean¬ 
ing will divert (he fuel flow directly to the carbiircUrr. 

Barlow Fuel Pump.—A new fuel pump devclope<i by Lester P. Uarlow, 
is being offered by the Met'ord Radiator ^ Mfg. Co. bir aulomolive and 
aircraft use. The new pump is designed so tlial it can be driven from nearly 
any part of the engine, including a generator shaft, camshaft, or fan shaft, 
and embodies a roller principle in design. In construction it is composed 
mainly of a flanged casting, into >vhich is inserted a smaller round casting 
carrying the intake, outlet and balancing jmris. The pump shaft passes 
through the center of both castings and has a disc at the pump end in 
which are four gToovc.s giving it the shape of a Maltese Cross. Four steel 
rollers ride in these grooves as shown at Fig. 99. The pump shaft and 
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disc are ccccntricaHy mounted in the pump casttnj^. so that the rollers 
under centrifu^l action ride away an<l toward the axis of rotation during 
a revolution, the clearance at the bottom between the pump disc and the 
hardened steel ring; apainst which the rollers ride providing the space 
through which the fuel is pumped by the rollers. 

The disassembled view at boiioin of Fig. 90 shows the port casting. 
The three outer ports on one side and the annular port on the same side 
serve as intake parts and those on the other side for the outlet. The reason 
for using the inner annular |K»rts i'4 to provi<lc a balancing action for the 
rollers, as well as to aid the sclf-priuiing action of the pump. There is also 
aslighi clearance between Ihc r<»11ers and the grcKivcs in which they ride so 




Rotor 

a 

Fig. 99.«The Barlow Fuel Pump Incorporates a Novel Roller Principle. A—Front 
View of Automobile Type Pump. B—Side View of Automobile Type Pump. 

Parts of Pump. D^Aircraft Fuel Pump. 

as u» complete the balancing action, and to provide some additional pump¬ 
ing action by ra<lial (low of the lu[uid to the outer iwris. as well as through 
the annular central outlet pt>rls. Two variations of this pump are being 
offered, one for automotive aixl one for aircraft engine uses, the latter in¬ 
corporating a by-pa.ss arrangement and providing somewhat greater flow of 
lir[uid. While aniuuinced as a fuel ]Miinp it i.s also a<laptubir for other pur¬ 
poses, such as the providing of supply water for steaiu-ctH>ling systems. 
The pump is particularly eflieienl as regards suction due to the self-priming 
actii»n. ami the centrifugal pressure of the rollers against the hanlened 
and ground ring. at<ie<l by the weight of the ndlers themselves. It will 
o|’erate at very low speeds, and cun he ina<k to operate by merely turning 
the shaft with the lingers. 


Ported member 
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BiHex Fuel Pump.—A new ty|>e <if fuel ]nimp using a Sylphnn metal 
bellows, used fcir some tnne in various thermostutic and mechanical devices 
is shown at Fig. 100. T\m new ptmip was descriiie<l aiul illustrated in 
Autowolivc Jnduslrics and Is suited fur all an tumuli ve applications. In this 
pump fuel is received inside the liellows on the intake stroke or when the 
bellows arc exjiaiidcd, and is furce<l U» the curlmrclur on the exhaust stroke 
or when (he bellows are con tract eil, 'I* wo mi*del.s oi pump are offered 
differing only In the means iiscfl to u^iernte the helU»\vs. In one. shown in 
the accompany mg lllnstratiun, a rocker arm oiwraied hy an eccentric is 
empli»yed to cxjiand and coiiiracl the lK*l1ri\vs while the (»thcr model em¬ 
ploys a push rod instead of a nnker arm. When the mo\cnient of the 
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rocker arm reciprocates the plunger EE the hcllnws is expanded, causing 
a vacuum in the intake passage 1> and causing fuel to flow from the main 
tank through the filter J and into the bellows. Inirthcr operation of the 
eccentric compresses the bellows, forcing the fuel therein through the outlet 
valve to the carburetor. 
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After a few repetitions of this movement, when starting an engine, the 
pumping chanil)cr and carburetor Ixnvl are filled with fuel and the pressure 
sjiriiig C and the resilient actum of the SyI])hoii heJlows produce a prccle- 
t emu lied pressure Ufum the fuel supplied to the carburetor. As the pressure 
increases the movement imparted to the l>e11ows head decreases under the 
action of the cu^hlon s])riiig L and the movement will finally be adjusted 
to the proper operating coiulitious for which the device was designed. The 
spring C and the resilience of the bellows dclermitic the pressure under 
which fuel is delivered, and these are usually selected so that cut-off or 
dead-end pressures are not mi>re than alnnit Z^/t pounds per square inch, 
l‘hc bellows is made of metal, is unaffected by ntmos]>herkc conditions 
and ojieraies satisfactorily iti warm, cold, dry or wet weather. It resists 
4)rdinary corrosion ami is unafTccted by gtisolmc The pump is self-priming 
under engine starter speeds. 
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Pig. 101.—Diagram Showing Parts of U. S. A. Air Service Typical Fuel System. 


Air Service Typical Fuel System.—The illustration at Fig. 101 shows a 
diagram of a typical fuel system f<»r airplanes in which the gasoline is 
pumped by an engine driven bellows pump and supplied to an emergency 
gravity tank in the center section. When more than one engine is used, 
as in a bimolor or trimotor plane, a separate tving tank is usually supplied 
for each engine, with arrangements (or filling all three from the main tank 
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or tanks in the fuselage. The main fuel supply passes through a line 
strainer shortly after leaving the tank aiul is couplecl to the intake of the 
bellows pump. From the <mtlct of the helhovs pump it passes through a 
three-wa\ cock to the hollom of the gravity lank. A dial on the bulkhead 
indicates the proper placing <if tlie valve control hanrlle for various fuel feed 
combinations. In starting, both tanks arc connected to the carburetor. In 
running the pump delivers fuel directly to the carburetor ))ccau.sc the emer¬ 
gency tank is .shut off. If any trouble develops in the main fuel supply, the 
valve handle is placed in tlie |u».^ition that the dial indicates is necessary to 
have the gravity feed lank connected to the carburetor. An overflow in¬ 
dicator in the overflow pipe leading from gravity lank to the fdlcr fitting or 
unit of the main tank is reaihly visible to the pilot and shows when the 
gravity tank i.s full after slariingat which tinjc the valve handle should be 
idaccd at ‘‘Hiiir* position an<l fuel pumped direct from main lank to car¬ 
buretor. Two small leads are taken off from the feed line just forward of 
the three-way c(»ck and one is use<l to supply the fuel pressure gauge, the 
other a hand-operated primer unit. A dram pipe from the carburetor and 
one frocn the jmniji communicate with a drum funnel at the botlon of the 
fuselage. The general urrungetnetil, in view of the explanation given can 
be easily followed and various hues traced by studying the diagram. 

Direct Fuel System.—One of the latest (orm.s of coml>ine<l fuel supply 
and curhurctmn ssstcin is known as the direct fuel svstem ami has been 
described by F. G. Whitlinglon in the S. .1. li. Jottnm! for I December. lyiH. 
ll is statcil that ibis sy.stein Is well a<luptcd to airplane service and that it 
was <lesignc<l with this apjilication in view. 1'esls have .slinsMi remark a) >lc 
j)erfurinancc and well known antuinotne engineering authorities have en¬ 
dorsed it. 

The layout calls f(»r elimination of the consetitioiial tyj)c of carburclor, 
the varum 11 tank or the fuel jniinp. it i.s ilesigmed with the idea of supply¬ 
ing an ajipfoximalcly dry' nnxlure t»f gas and air in the correct ]jro]>orlions 
to the inlet manifold without any interniediate storage of fuel from the 
lime this fuel leaves the main supply tank, 'flic system is based on the 
thec^ry that lht>rough vajHirizalKm of the fuel js the best method of carbu- 
retiun. as tlKJfongh va^Hiriyalicni is regarded as a rc<|uisiie for complete ci>in* 
biisiion. With the imTcasing engine s|)eC(Ls, the fiiel-va|Mjrizaiion ]»r*d>lem 
becomes very inij)ortant. The atomization action of carbnretc'rs has been 
improved but. In sKlditum. it also is necessary to provi<le interchange of 
heat between exhaust and inlet manifolds. Improvements in manifolds and 
hot-spot designs liave greatly improved coiulilnnis. but room still remaiii.s 
for further dcvel(*pment. With the j>rcscnt tendency tmvard increasing 
the numl>er of cylinders jier jKiwerplant unit, manifold nig is becoming 
increasingly difficiilt because of the compromise 1 ►elween vohunelric effi¬ 
ciency and distribution. 

The direct fuel system meets the compromise between volumetric effi¬ 
ciency and distribution by jiroviding the gases ior engine <»peration in a 
highly va])ori7.cd state ami penniis large inanifoldtng, w'hich. in itself, is a 
construction favi»rahle to volumetric efticieney. An additional favorable 
feature of this system is the provision for the passing of part of the charge 
through more intense heat than is nsnally found in the present methods of 
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hot-spot application. A brief description of the complete inslallalion is 
as follows: 

In the main fuel supply lank a clown pipe of approximately 
diameter is installed, which carries air to the lowest pan of the tank. There 
it forms a junction with ihc properly proporlioned jetting means and pro¬ 
duces a mixture that is carried llirotigh a conduit to a heating clement 
mounted directly in the exhaust manifold. At this jxiint, where very high 
temperatures are cniouiilered. (he licavier part of the mixture is acted ni)on. 
'Fhe lighter ends pa^s on through and, at the point of vaporir.ation, the 
heavier ends arc passed cm to flic air-mixing ehamher. At this jKnnt the 
gases Ciiinc entirely uiulcr throiife ccnitrol under usual carhurctiug con¬ 
ditions. In this installation the following conditions exist: 

(1) VajHirizalion is a*'Siired 1>y the inlrodiielion of warm air at the rear 
jets, the long fn*d-tnhe llial is under less limn almospherie pressure, 
and ilie oflieient design of the heating clement. 

(2) [»ow idliiu; speeds as well as varying lt»ad and speed condilions arc 
secured by pn»|ier proj«irlinning of jels. 

(3) Condensed |n»rtioiis of Fuel in the cc^uduit ]»rovide a satisfactory 
Hceideratnig su]>ply. 

(A) l^'aster warniing-np is jHi'^silde. am! easy starting is acenuiplishcd. 

(5) High volumetrie ctTielenry i.s maintained by the admission of cool 
air to the vaporizcfl fuel mixture in the appnmimate projHirtion of 
bnir tt» one. 

(6) The installalion is cinnparatively simjdc. various storage iioints 
for rnel. such as the vacuum tank and the carburetor Hi^at bowl, 
being eiimmated. 

1 7) Tborougli vnimrizaiiori assures smfKJiliMess in operation^ better 
ecoinmiy. and itUTcased liorse|M»wer. 

lU*gnrdles.s <d how radical the direct fuel system iiiny seeni, its j»cr- 
f<irmancr is and can Ik* considere*! as another rcbahlo means i*f fuel supply. 

Fuel Supply Systems Summarized.—The bdlowing covers the various 
means of fuel suppl) : 

(1) A standard carlmretor and a vacuum tank that takes its fuel from 
the sniiply tank and <»pcrates on available vaennm at the inlet mani¬ 
fold. Used ]’rincipal1y on antimiobiles. 

{2) A standard earbiireior. a vacinnu tank and a Ixioster attachment 
to assure a snpiily of fuel at low inicl-inanifold vacuum, alsti em- 
jdoyed <in molt»r vehfcle.s. 

(3) A standard carlmretor, a vacuum lank and a trap valve to assure 
a vaemint suflicient U» supply fuel umicr all vvu^rking conditions. 
Successful operation on all engines refjnirc.s a late inlet-valve timing. 

(4) A staminrd carlmrelor, a vacuum tank and a vacuum pump. The 
use td the pump gives high vacuum a 1 all times, as it coordinates 
with the inlet-manifold vacunin. 

(5) A standard carburetor and a mechantcally driven fnd ptim|> <if 
diaphragm, pltinger. eccentric vane, sylidwm Iwllows or any other 
type that tuimps fuel directly from the main sujiply tank and deliv¬ 
ers it to the carburetor under safe working pressure under variable 
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flow-rcquirenienls. 'Phis is a ]>ojmlar system for aircraft applica¬ 
tions. 

(6) A statulard carlmrotor and an clcctroniai^netic fuel pump of plunger 
type controlled hy a separate rirctul-conirol unit. The pump is 
mounted directly in the main supply tank and the control is 
nnmnted convenient to the o^KTaior. 

(7) A combined carlmreUir and circuit-crmtrol unit and an clcctro- 
niagiioiic fuel funnp <»f plunger tyjjc. 'I’lie carbnrcli»r an«l c<»nlrol 
mcinbcT are built as a single unit ami the puni]i is mcuintcd in the 
main fuel supply tank. 

(R) A self-ctmtained unit incorporating a carburetor, a cirniit-c<mtrol 
unit, and an electromagnetic fuel pump of plunger i\pe. (Stewart- 
Warncr System ) 

fO) The direct fuel svsicni using no conventional form of carburcl<»r, 
no vacuum tank and no fuel puinp It takes fuel directly from the 
main fuel snpjdy tatik f>y spen.al Halting nieaiis. vajion/cs it. and 
adtls cool air to ap]»ro\iinale a dry-gas inixlufc at the engine. 

(Stewart-Warner System.) 

nO) A diaphragui -1 Y]ic carbureti»r ami a >acunn) tank or a fuel jnnnp of 
any ty)*e, The carburelnr i.s of a di'-^ign that incorinirales many 
iniprovemenls am! asMire.s in n)»»sl case.v a inarke<f increase in en¬ 
gine output. 

(11) A incchauical fuel puni|» ilelivenug the fuel lo a gravity tank from 
winch il flows t‘» the carburelnr. 

(12) Obsolete s>sleins In \\\u* li fuel isd^placcd from the niaiu coiitanier 
by air or e\h;ui‘<l gas jiiessure and made to Ihov to tlu’ carburetor. 
Surplus air released ilitiuigli air e\cc*ss pre ssure relief valsc. 

Principles of Carburetion Outlined.—The process of carlruretion is com¬ 
bining the vidatile vajuirH which e\aporale from (he hydri»cavbon lk|Uids 
with certain projiortions of air to fimii an inllanmi.ible gas. The ipiautities 
of air needed vary with difTcrcul licjuids and some mixtures burn (piickcr 
than do other c<imbinalions id air an<l vajror. Combustiou is sinijrly burn¬ 
ing and it may be rapid, moderate frr slow. Mixtures of gasoline and air 
burn quickly, in fact tbe combustion is rat>ul that it is almost iustantn- 
neous and we obtain what is ctmiinoidy termed an “exjdosioii *' Tlierefnrc. 
the exjilosion of gas in the autoimrbile engine cjlimler winch produces the 
pow'cr is really a combination of chemical elements which produce heat and 
an increase in the vidume of the gas because of the increaM* of tiunj>erature 
as the reailer has learned from the chapters on thcnnorlynamics. 

If the gasoline mixture is not |>roi>(Tly pr<>p<»riloned the rale of burning 
will vary, and if the mixture is either too rich or loo weak the power of the 
explosion i.s reduced and the amount c»f pc over aiJpiicd to tbe piston is de¬ 
creased proporlionalcly. In dciennining the proper prop<»rtions of gasoline 
and air, one must take the chemical coni|M»sitiou of the fuel used into ac¬ 
count. The ordinary litpiid used for fuel is said to contain about eighty- 
four per cent carbon and sixteen jicr cent hydrogen. Air is composed of 
oxygen and nitrogen and the former has a great affinity, or combining 
power, with the two constitucnl.'^ of hydrocarbon liquids. Therefore, what 
we call an explosion is merely an indication that oxygen in the air has com- 
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liincd with the carbon and hydrogen of the gasoline so rapidly that heat 
is generated. 

Air Needed to Burn Gasoline.—In figuring the proper volume of air to 
mix with a given quantity of fuel, one lake?; into account the fact that one 
fioiind of hydrogen re<|uircs eight |>oiinds of oxygen to hum it, ami one 
l>f>und of carbon needs two and oiie-third pounds <d <»\vgen to insure its 
combustion. Air is composed of one part of <jxvgeu to three and oiu*-h<aU 
portions of nitrogen by weight- Thcref<»re for each ixiund of oxygen 
one needs to burn hydrogen or curimn four and one-half pounds id 
air must he allowed. To insure ctnnlmstion of one pound gasoline whlc*h 
is composed of hytlrogen anti rarhon we must furnish about ten poumls of 
air to burn the carbon ami about six pounds td air to insure ctnubustion 
of hydrogen, the tithcr couit>onent of gasoline. 'I'his moans that to burn 
one pouin) of gasoline one iniisl pnivitle abtnit sixtoon ]<ouiids id air. 

While tme tlocs not usually ct»iisi<ler air as having much weight, at a 
tonijjeraturt' td 62 dog. V. about fourlocn cubic foot of air will \\cigh a 
piiund. ami let burn a junuid <d gasoline one uuiilcl rccpiire about cubic 
foot of air. This anunnit will provide for conibuslnm theoretically, l>ut 
It is common practice to allow tuicc this ainoiinl because the 
clement iutvi»gen. which is the main constituent <d air. is an inert 
gas and instead of aiding Combustion it acts as a dclcrrent of burning. 
In order to be cxphisivc, gasoline vapor must be combined with <]e(inito 
(|uaiititles <d air. Mixliircs that are rich in gasoline ignite quicker than 
those winch have more air, but these are only suitable when starting or 
when running slowly, as a rich mixture ignites easier than a weak mixture 
having an excess of air. The richer mixture of gasoline and air not only 
burns quicker hut firmliices the inu>l heat and if cotnbu.stion is coju|dete 
most efTective pressure in ]ioum]s per square inch of pi.ston tot> area. 

The amonut id compression <d the chni'ge before ipiition also has ma¬ 
terial bearing on the force of the explosion as the writer anti other author¬ 
ities (|uoteri have p<nntcd out in a preceding chapter. The higher the de¬ 
gree of com[»ressi<m the greater the birce exerted by the rapid combustion 
of the gas. It may be staled that as a general thing the maximum exphisive 
l>rcssure is somewhat more than four I lino the ceimpressum pressure prior 
to ignition. A charge comjircs.sed to (<(1 pounds will have a maxim uni of 
approximately 240 ]>imn<ls; compacted t<» 80 juiunds it will produce a pres¬ 
sure of over 300 pounds on each sepia re inch <d pi-ston area at the beginning 
of the power stroke. Mixtures varying from one part of gasoline vapor to 
four of air to others having one part of gasoline vajfor U) seventeen of air 
can be ignited. 

What a Carburetor Should Do.—While it is apjiarent that the chief 
function of a carbureting device is to mix hydrocarbon vapors with air to 
secure mixtures that will burn, there arc a number of factors which must 
be considered before dc»cribiiig the principles of vaporizing devices. Al¬ 
most any device which j>crmils a current of air to pass over or through 
a volatile inflammable liquiil will prrHiuce a gas which will explode when 
compressed and ignited in the motor cylinder. Modern carburetors are 
not only called u]>on to supply certain quantities id gas. but these must de¬ 
liver a mixture to the cylinders that is accurately proportioned and which 
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will be of proper componition at all enfi:ine speeds. 

Flexible control of the engine in an antomohile or airplane is sought 
by varying the engine speed by regulating tbc supply of gas to the cylin¬ 
ders. The powerplant should run from its lowest to its highest speed 
without any irregularity in lon|uc. i.c., tbc acceleration shouhl he gradual 
rather than s])asiiiodic. As the degree of compression will vary in value 
with the amount (»f throttle opening, the cnnditiims necessary to obtain 
maximum power differ with varying engine s]*cctls. When the throttle is 
barely ojieiied the engine sjK'od is low anti the gas must be richer in fuel 
than wlicn the throttle is \v'u\c ot»cu and the engine speed high. When an 
engine is liiruing over sh»wly with throttle nearly closed the compression 
has low' value and the comlition.s arc not so favorable to ra]Md combustion 
ns when the compression is high. At high engine sjieerls the gas velocity 
through the intake pii>ing is higher itiaii at low si»ce<ls. aiu! regular engine 
action i.s not so a]>t to he disturbed by comlcnsaliou of 1i(|ui(l fuel in the 
manifold tlue to excessively rich mixture or a suporahumlance of li(|ui<l in 
the stream of carbureteil air. 

For a long time carlmrelnr engineers held to the theory that a carhu- 
rotor slnmltl furnish a mixture of con.stnnt strength throughout its range id 
operation, luil this has now been di.sproveil. At the labi»rati»ncs id the 
Research Association 4if Untish Motor and Allied Manufacturers an inve.s* 
ligation on the elTect of changes in fuel mixture ratio on the maximum 
power output ami the thermal efTicieiicy has been made on a single cylinder 
3.5 lip. engine with a com}>ressiou ratio of 3 8r>:l. The results (jblained 
were generally in agreement with those obtained by Professors Perry and 
Kegerreis in this country. That i.s, the inaxiniuin jinuer is obtained from 
an engine if the fuel charge contains substantially twenty ]K‘r cent more 
than the theoretically rc<|uired amount of gasoline, while the mixture ratio 
giving the best economy varies with the load, from about 17.25:1 al full 
load to 12.8 :J at low load. The carburet ion problem is concenie<l with more 
than the mcrc'jiroportioning of the niixlure. lM»r rupnl and efiiciciit com- 
bu.slion th<jnnigh intermi.xture ot the reactive molecules is rcNpiired, which 
can be elTected only by ci>nipleU* vajiorizatiou of the fuel. 

QUKSTIONS FOR REVIFAV 

1. What is tlie simptcsl iuHIukI fuel sii|»{»ly to carburetor^ 

2. Name nosMbli* locations tuci Unk^ in airfdaiu* vttutlurc. 

J. What arc tbc disadvantages «d air 

4 What arc the advaiiuiccb of rc-fuchng in iIikIh? 

5. Uocribc action of vacuum fuel feed. 

b. What is a vacuum IxHiMcr and why is »t used? 

7. How docs tbc Bartow w^ork' 

8. What is the pnimide of oiwratioii of the ItitlcN pump? 

9 Dcscrihc tMMcal U. S Air .Service Fuel sysiem. 

iCf. What should a carbureUir do? 
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DEVELOPMENT OF FLOAT FEED CARBURETOR 

Early Vaporixer Forma^MaHne Mixing Valve^Development of Float Fetd Car> 
burator—Maybach's Early DesigrwEarly Phoanix«Daimler Desigrv-^oncentric 
Float and Jet Type-^chebler Carburetor-^The Claudel (French) Carburetor^ 
Metering Pin Carburetor—^Multiple Nozzle Vaporizers^Priming Neceaury to 
Start Cold Enginea—Function of Accelerating Wella—Ball and Ball Two-Stage 
Carburetor—Master Multiple Jet Carburetor—Notes on Adjustment of Simple 
Carburetors—Effect of Altitude Change^Compound Nozzle Zenith Carburetor- 
Function of Compensator—Zenith Liberty Type—Zenith with Venluri Delivery 
Nozzle. 

Early Vaporizer Forms.—The very early ly|ir>i of curl)nrclinfj devices 
were very crude and enuihcrsfuno. and ihe uttsdire n( gasoline vaiH>r and 
air was acconipltshod in three ways >n that hehire modern carhurctiirs arc 
<le.scnl)C<l, it inav l;c well in discuss briefly inelhods that have been cm- 
ployed. The air slreain was passed over the surface <*{ the li<(iri<l ilsclf, 
ihroii^h loi>sely i>lacc<l ahsnrl*eut inalcrial saluraird with ll(iiii<!, or directly 
through tlie fncl. Tlic fir.si ty])o was known as the surface c?irlnirctt>r and 
IS now jiractically ohs<dctc. The .second (nmi was called tlic “wick” 
carburetor 1>ecaiise the air .stream was jjassed over or tlirmigh saturated 
wicking. 1'hc third form was known n.s a “Imidding” carlnirelr>r. While 
these jirimilive h'rms gave fairly goo<l results with the early slow-speefl 
engines and the high grade, or very volatile, gasoline whicli mms first usc<! 
fur fncl. they would be entirely tiu.suilahle for present forms of engines 
because they would not carburalc the 1r»wer grades i*f gasoline which arc 
used loclay, and would not siip]dy the inixlcrn high-speed engines with gas 
of the proper consistency fast enough. c\cx\ if they did md have to use 
very volatile ga.suHuc. The form of carbiirclor used at the present time 
operates on a thffcrcnt princijile. These ilcvices arc kiu>wn as "spraying 
carlmretors.’* The fuel is reduced to a spray by Ihe suction effect of the 
engine pist<m and the entering air stream drawing it through a fine open¬ 
ing or a series of holes. 

The advantage of this construction is th.at a more thorough amalgama¬ 
tion of the gasoline and air particles is obtained. Willi the earlier types 
previously considered the air w<iuld conihme with only the more volatile 
dements, leaving the heavier constiluenis m the lank. As the fuel hccaine 
stale it was difficult to vaporize it, and it had to be drained off and fresh 
fuel provided before the proper mixture wouhl he prt»duccd. It will be 
evident that when the fuel is sprayed into the air slrcnin, all the fuel 
will be used up and the heavier ixirtions of the gasoline will !« taken into 
the cylinder and vaporized just as well as the more volatile vapors. 

Marine Mixing Valve.—The simplest form of spray carburetor Is that 
shown at Fig. 10J. In this the gasoline i»pctiing through which the fuel 
IS sprayed into the entering air stream i.s closed by the sjiring-controlled 
mushroom valve whicli regulates the main air o])ening as well. When the 
engine draws in a charge of air it unseats the valve and at the same time 
the air flowing around it is saturated with gasoline particles through the 
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gasoline ojiening. The mixture thus formed goes to the engine through 
the mixture passage. Two methods of varying the fuel pro|K>rtions are 
provided. One of these consists of a needle valve to regulate the amount 
of gasoline, the other is a knurled screw which controls the amount of air 
hy limiting the lift of the jump valve. This mixing valve is employed 
only on marine engines at the j)rcscnt time as it has disadvanUigcs, owing 
to having a rapidly moving valve the action of which is erratic at high 
speeds, that make its use on aviation engines impractical. 
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Pig. 102.—Marine Type Mixing Valve by which Gasoline is Sprayed into Air Stream 
Through a Small Opening in Air Valve Seat is Simplest Carburetor Form, but is not 

Suited for Aircraft Engines. 

Development of Float Feed Carburetor.—The modern form of spraying 
carluirelor is provided with two rlinmhers. iiiie a mixing cliamher through 
which the air stream passes and mixes with a gasoline sjiray. the other a 
float chamber in which a constant level of fuel is maintained by simple 
mechanism. A jet or standpipe is used in the mixing chamber to spray 
the fuel througli and the object of the float is to maintain the fuel level 
to such a point that it will not overflow the jet when the motor is not 
drawing in a charge of gas. With the simple forms of generator valve in 
which the gasoline opening is controlled hy the air valve, a leak anywhere 
in either valve or valve seat will allow the gasoline to flow continuously 
whether the engine is drawing in a charge or not. The liquid fuel collects 
around the air opening, and when the engine inspires a charge it is sat* 
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urated with gasoline globules and is excessively rich. Wilh a float feed 
construction, wliich maintains a conslant level of gasoline at the right 
height in the standpipe, liipiid fuel will only be siip|)licd wlicti drawn out 
of the jet by the suction ciTccl of the entering air stream. 

Maybach's Early Design.—The first (onn of spraying carburetor ever 
applied successfully was evolved by Maybach for use on one of the earliest 
Daimler engines. The general principles of <»pcraliou of this pioneer 
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float {ced carburetor are sbown at Fi^. 1(W A. The mixinjj chamber and 
valve chamber were otu* am? the siaTid]ii]*c or jet proinidcd into the mixing 
chamber. It was connected to the float compartment by a pipe. The fuel 
from the tank entered the top of the float coniparimcnt and the opening was 
closed hy a iieeille valve carried on top of a hnihnv metal float. When the 
level of gasoline in the float chaml>er was hnvered the float would fall and 
the needle valve uncover the o|Hming. This would permit the gasoline from 
the tank to fli»w into the float chainl>er. and as tlie chamber filled the float 
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M>uld rise until the proper level had been reached, under which condi- 
ions the l^oat would shut off the ^soline opening. On CNery suction stroke 
•f the engine the inlet valve, which was an automatic type, would leave 
•IS scat and a stream of air would he drawn through the air opening and 
irouhd the standpipe or jet This would cause the gasoline to spray out of 
A\t tube and mix with the entering air stream. 

Early Phoenix*Daimler Device.—The form shown at B was a modi¬ 
fication of Maybach’s simple device and was first used on tlic Phccnix- 
Daimler engines. Several improvements arc m»lc<l in this <lcvice- I'irst, 
the carburetor was ma<k* one unil by casting the float am) mixing chani* 
Ihts together instead of making them separate unci joining llieni by a pij>c, 
•IS shown at A. Tlie float con si met ion was iniprovctl and the gastdinc 
sl)ut-off valve was operated through leverage instead of being directly 
iastened to the lloai. 'I‘lie siiray nozzle was suTronndc*<l Iw a rhoke tulic 
which conccntrutcfl lUc :iir stream around it anc] made for more mind air 
flow at losv engine speeds. A conical piece was placed o>er the jet to break 
up the entering spray into a nust and itiMirc a more intimate mixture of 
;ur and gasoline, ‘I'he air opening was provided with an air cone which 
had a shutter coiurolling the opening so that the amonnl of air entering 
could be regulated and llnis vary the inixlure jiroporiions within certain 
limits. 


Concentric Float and Jet Type.— rhe form slu>vvn at B has 1 h:cu further 
iiiil)rovc<l, and ilic ty[»e sfM»wn at (* is representative of early automobile 
engine single jot carbtirelf»r practice. In this the float chamber and mix¬ 
ing chamber are concenlnc. A balaneed float incclianism which insures 
steadiness <if feed is used, the gasoline jet or staiulpipe i.s provi<lc<l with a 
needle valve to vary the aniouiit of gasolmc supplied the mixture and two 
air i*i>cnings arc i>rovideil. The main air |s»rl is at the br»itom <‘f tlic va¬ 
porizer, while an auxiliary air Inlet is pnwided at the .side of the mixing 
chamber, There arc two methods of controlling the mixture proportions 
111 this form id carburet*•r. One may regulate the gasobne needle or ad- 


iiisl the anxiharv air val\c Such carbiirekirs are schloni used with late 
designs of engines as com|Hniiid compensating jet forms are most popular 
in automotive applications, especially on aircraft engines. 

Schebler Carburetor.—A Scheblcr carburetor, which has been used on 
some early airplane engines, is shown in Fig. 104. It will he noticed that 
;i metering jun or neeille \ahe opens the jet when I ho air val\c opens. 
J'hc long arm of a leverage is connected to the air valve, while the short 
arm is connected to the neeille, the reduction in leverage being such that 
(he needle valve is inailc to travel much less than the air valve. For sel¬ 
ling the amount of fuel passed or the size of the jet orifice when running 
with the air valve closed, there is a screw which raises or lowers the 
fulcrum of the lever and there is als<» a dash control having the same effect 
by pushing dowm the fulcrum against a small spring. A long extension 
IS given to the venturi tnlie which i.s very narrow amund llie jet orifices, 
w'hich are horizontal aiul .showm at A in the drawing'. Fuel enters the 
float chamber through the unum M. and the spring 1* holds the metering 
pm upward against the restraining acliun of the lever. The air valve may 
be set by an easily ndjn.stablc knurled screw shown in the drawing, and 
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flutteru)^ of the valve is >)rcvente<l hy the piston dash pot carried in a 
chanilicr above the valve inl<) which the valve stem ]>rujects. The primar)- 
air enters beneath the jet pas>age and there is a small throttle in the in¬ 
take to increase the s]K*cd of air flow for starting piirpr»ses. The car 
buretor is adapted for the use of a hot-air connection to the stove around 
the exhaust pipe and it is rccoiniiiended that such a fitting be supplied 
'I'hc lever which controls llu* .supply of air through the primary air intake 
is so arranged that if desired it can be connected with a linkage on the 
bulkhead or conlnd cohinui by ineniis of a flexible wire. 
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Pi^. 10$.—The Claudel Carburetor of Early Design was One of the First to be Applied 

to Aviation Engines. 

The Claudel (French) Carburetor.—'Plus rarburci<»r is of extreme)) 
.SI 111 I lie con.stnu'ticMi. liccaiisc it has no su|)|’lenient ary or anxihary air valve 
and no nu’viiig parts except the throttle controlling the gas flow. 'I’hc 
construction is clearly shown in Fig. 105. The spray jet is concentric with 
a surrounding sleeve (’r IuIk in which there arc two scries of small ori¬ 
fices. one at the t(»j) and the nther near the liotlom. The birmer «arc about 
level with the spray jet oiwiiing. 'I'he sleeve surrounding the nozzle is 
closed at the top. The air. passing the up|>tT holes in the sleeve, produces 
n vacuum in the sleese. thereby drawing nir in through the bottom holes. 
It is this moving interior c<»lumn of air that controls the flow of gasoline 
from the nozzle. Owing l<» the friction of the small passages, the speed 
of nir flow through the sleeve does not increase as fast as the speed of 
air flow outside the sleeve, hence there is a tendency for the mixture to 
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remain constant. The throttle oC this carburetor is of the barrel type, 
and the top of the spray nozzle and its surrounding; sleeve are located 
inside the throttle. 

In the more recent design shown at Fig. 106. provision is made for 
idling and altitude adjustment control. Air at atmospheric pressure enters 
the outside hnse or air tube of the diffuser column, passes up this outer 




Pig. IM.^Sectiontl View of Claudel Aviation Type Carburetor Shows Arrangement 
uf Internal Parte at A. The Diffuser of the Claudel Carburetor at B is Diemantled 

to Show ill Componente. 
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sleeve an<l over the top of the gasoline guard tiil>c. As the suction in the 
diffuser increases, lowering the liquid level in the bore, a series of air bleed 
holes that j)rovi(le coiiijwnsalion arc progressively uncovered. The air 
rushes out into the ascending column of gas vapor and out of the nozzle 
holes at the top <if tlic dilTuscr in a finely broken-iip gasoline emulsion. 
The higher the suction acting upon the diffuser, the lower will be the level 
of gasoline within it. and therefore, more of the coiniiciisating holes will 
he uncovered, pcnmtting a greater dilutiim of llie mixture. At the higher 
speeds the difTiiser is practically emptied an<l 21 spirnlly-arraiiged air 
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Pig. 107.—The Stewart Metering Carburetor was Used on Some Early Aviation 

Engines. 

bleed holes are in sielion. As the gasoline globule.s are lifted by the suc¬ 
tion. they must jias.s through the air entering at right angles through the 
air bleed hides, 'fhis lurluilonl mixing effect produces a finely divided 
fuel emulsion. Any tyjic of |K>wer or consumption curve desired can be 
secured by changing the size and ]Kisition of the compensating holes in 
the diffuser wall. 
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The idling device is incorporated in a central lube prf»jccting up into 
ihc depression <jf the barrel ihrotlle where a stnnig pull is exerted on the 
idling jet for l<iw speed action. 'I'lio Iwrrel lhr<»ttle is slotted to pass 
around the idling j<*t and the <nily adpiMnient on the carburetor is a screw 
extending inti> ibc air sjiace to partially block otl the area of this slot as 
desired. Screwing it in lessens the air area and enriches the idling mix- 
lore. Screwing it oiii makes the mixture leaner. 

On some nioilels of the C laudel airjilaiiu carburel<ir the air cone is used 
for altitude cnmpcnsatiini. In these intKlels a venturi is installed several 
sizes in excess of the capacity rc<|nlrccl at gronntl level- The streamline 
cone is then rnis<*<l ainl adjusted to meet the rer|uircinonts at ground level 
and lowered to increase the air ojiening at ahitudes as reipiired. 

Metering Pin Carburetor—'Phe carburetor shown at b'ig. 107 is a 
metering ty|>e for atiloniobile engines in which tlic vactnnn at the jet is 
efuitrollcd hy the weight i>f the metering \alve snrr*»iinding the upright 
metering pin. 'Phe only moving part is the metering valve, which rises 
and falls with the change.^ in vaciiinn. The air chamber surrounds the 
metering valve, and there is a niiMiig chamlier alMive. As the valve is 
drawn up the gasoline passage is enlarged on account of the predclcnniiied 
Uijicr on the meienng jiin. and the air ^xissagc also is increased propor* 
tionately, giving the correct mixture. A ilash j>ot at the bottom of the 
cal VC checks flutter. In idling the valve rests on its seal. jiracticuHy clos¬ 
ing the air and giving the necessary nlling inislure. A ]>assagc through 
the valve acts as an aspirating IuIk*. When the valve is cUiseil altogether 
the primary air passes through clucls in the valve itself, giving the proper 
amount for idling. 'Phe one adjnstmeiil consists in raising or lowering 
the tapered metering ]iin, increasing or decreasing the supidy of gasvilme. 
Dasli control is supplied. This juills <lowii the metering pin, increasing 
the gasoline flow, llie du|>tex type for eight- and twelve-cyliiuler motors 
IS the same in t»'iiH'tjilc as model 25, but it is a ilouhle carburetor syn- 
ciin>nize<l as t<j throttle movements, adjustinenl.s. etc. The duplex for 
aeronautical motors i.s made of cast aluiniruun alhiy. 

Multiple Nozzle Vaporizers.—To secure properly jiroportioned mix¬ 
tures some carfmretor <lesigners have evo1ve<l forms in which two or 
more nozzles are use<l in a coinnioii mixing chamber. *l'be usual construc¬ 
tion is to use two, <»ne having n small opening and placed in a small air 
tnl)e and used only for U»w .stJec<ls. the other Indiig placed In a larger air 
tiil)e and having a slightly anginented Isire so that it is employed on inter¬ 
mediate s]>ceds. At high speeds Imth jets would be u-se<l in .series. Some 
multiple jet carburetors could be considered as a .series of these instru¬ 
ments, each one being designed for certain conditums of engine action. 
Pbey would vary from small .size just suflicient to run the engine at low 
speed to others having siifficicnl cajiacity to furnish gas for the highest 
luisslhlc engine speed wlten used in c<injunction with the smaller members 
which have been brought into service ]>rogressively as the engine speed 
has l>cen augmented. The multiple nozzle carburetor <lilTcrs from that 
111 which a single spray IuIjc is used only in the cotistrucliou of the mix¬ 
ing chamber, as a common float 1 k>w 1 can he usefi to stipjdy all spray 
pipes. It is common practice to bring the jets into .action progressively 
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by 5f>mc form of nicchanical connection with the throttle or by automatic 
valves. 

The object oi any niiilti|)lc nozzle carburetor is Vt secure greater flexi¬ 
bility and endeavor to supjdy mixiiircs of proper proportions at all speeds 
of the engine. Jl hhould be stated, however, that while devices of this 
nature lend themselves readily to practical application il is more diffculi 
to adjust them than the simpler forms having lull one nozzle, When a 
number of jela are used the liability of cl<»gging up ihe carburetor is in¬ 
creased, anri if one or nii»re of the nozzles Is choked by a panicle oi dirt 
or water Ibe re sulting mixture trouble is dilVicull io ilelecl. One c»f the 





Fig. 107A.--The Ball and Ball Two Stage Carburetor, a Successful Automobile Type 

of Early Derivation. 

nozzles may supjdy ciumgh gasoline Xo permit the engine to run well at 
certain s]>ceds and yet not Ih‘ adef|uate to supijly the jiropcr amount of 
gas under other ronditions. In a<ljusting a nuiltiple jet carburetor in 
which the jet.s arc provided with gasoline rcgtilndng needles, it is cus¬ 
tomary to consider each n*‘zzlc as a distinct rarburel<»r and to regulate 
it to secure the best motor action at tliai throttle position wliich corre¬ 
sponds to the conditions under which the jet is brought into service. For 
instance, that supplied the primary mixing chaml)er slumld he rcgulat«l 
with the throttle jjartly clc»sed. while the anxiliary jet should be adjusted 
with the thr<itlle fully opened. 

Priming Necessary to Start Cold Engine.—Phe usual procedure in 
starting an engine cold is to supply a large excess of fuel (of I he order 
of twenty limes the normal pro|Hirlion) so that the necessary amount 
of vapor can be obtained from the lighter fractions, the remaining part 
f)assing to the crankcase via the piston clearances, or tlirwtly to waste 
through the exhaust. Of the iwu evils, llic latter is obviously preferable. 
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This excess is produced hy a hand operated pump supplying fuel 

<Iirectly to the induction manifold. Clearly, it is desirable that the method 
used for providing the excess fuel required on starting should not at the 
same time impair the metering characteristic over other parts of the range, 

The presence of a stream of liquid fuel in the induction system is a com* 
plicating factor in the problem of carburetor <»pcration. When the engine 
is running steadily at constant Inad and speed, the amount of fuel in the 
induction system remains constant, and the strength of the mixture sup¬ 
plied by the carburetor is the same as that received by the engine, though 
a number of cycles may occur during the passage of an in<lividual drop of 
fuel in the liquid stream frmu the carburetor to the engine, When the 
load or sjiccd is changed, the equilibrium is disturbed, and fuel has cither 
in be added to, or taken avv^iy fr<mi, the manifold to restore equilibrium 
under the new conditions. 

Function of Accelerating Wells.—During the transition period, the 
mixture strength snj»idicd by the carlmretor no lougiT corrcsjionds tn that 
rcfcivctl by the engine. It follcms, ihoreforc, that while the loatl or sliced 
IS changing, the whole of the induciuui manifold ninsl be considered part 
of the carluircling system. 'I'u give g*Kjd arccleration, the strength of 
llic mixture rcceivcfl by tbc engine need never exceed that of the maxi- 
mum-pinver mixiiire. 'Hie functirm of ncreleraliiig wells is to .supply ex¬ 
cess fuel to the manrfnld t‘» enable the tnnnifold to supply the c<‘rrect mix¬ 
ture to (he engine. I^fllcicnt aerclerating wells assist economy of fuel, as 
they j)crmit the normal use of mixtures weaker than would otherwise be 
required. 

In tin* absence of sullablc hoi-.s|KUinig t»r other system of preheating, 
a considerable part of the vaporization of I hr fuel has in be carried out 
inside llic engine cybmlcr. Under normal conditions, the greater jiart 
of the li(|uid fuel culeniig the cylinder is jirohahly \aponzed during the 
induction stroke, any residue l>ring vaiK»rlzcd on the compression stroke, 
loir this reason, in cul<l neaihcr ojicratioii or in airplanes mlendcd for 
high allilmlc work, some form of st«»vc or heater worked in connection 
with the exhaust gas is considered desirable to beat the entering air, as 
will be licscnbed lalcr. 

Ball and Ball Two-Stage Carburetor.—This is a Iwo-slagc vaporizing 
device, hot air being used in the primary or initial stage of vajiorization 
ami cold air in tlie snpplemcnlary stage Referring to the sectional illus- 
tfatinu at J*'ig. 107 A it will be seen that there is a hot-air passage with a 
I liokc-valvc; the primary venturi appears at H; J is its gasoline jet, and 
v' is a spring-loaded idling valve in a fixed air opening. These parts con¬ 
stitute the primary system. In the secondary system A is a cold-air 
(lassage, T a buUerfly valve and J a gasoline jet discharging into the cold- 
air passage. This system is brought inti» oiwraiion by opening the butter¬ 
fly T. A connection liclween the butterfly T and the throttle, not shown, 
throws the butterfly wide M|>en when the throttle is not quite wide open; 
at all other tunes the bu.ttcrfly is held closed by a spring. 'I'lic cylindrical 
chamber at the right <»r the mixing chamber has au extension E of reduced 
diameter connecting it with the intake manifold through a passage D. A 
restricted opening connects the float chamber with the cylindrical chamber 
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so that the ga.soline level is the same in Ixjth. A loosely fitting plunger 
P in the cylimlrical chamWr has an upward extension into the small pan 
of the chamber. O is a small air <ipemng and M is a passage from the 
cylindrical chamber to ihc mixing chamber. Air constantly passes 
through this when the carlniretor is in operalum. The carburetor is really 
two in rmc. The primary carburclor Ls made up of a central jet in a ven¬ 
turi passage. The floni i'liainl>cr is eccentric. In the air passage there 
is a fixed ot>ctiing, anti additional air is taken in by the opening through 
suction of a spring-opjHtsed air valve. The second stage, which comes 




Pig. lOS.^Sectional View Showing Construction of the Master Carburetor, a Multiple 
Noaele Form Used on Kacing Car Engines and Some Early Aviation Engines. 

into play as sixm a.s tin* c.arbiireltir is cnllotl upon fur additional mixture 
above low mediutn speeds, is made up <if an independent air passage con¬ 
taining anollicr air valve. A.s ibe valve is opened this jet is uncovered, 
and air is led pasl i(. Eor easy starting an extra ])assage lca<ls from the 
float bowl pas.sagc to a jMunt above the throttle. All the suction falls 
upon this passage when the throttle is closed. The passage contains a 
plunger and acts as a pick-up device. When the vacuum increases the 
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plunger rises and shuts off the flow of gasoline from the intake passage. 
As the throttle is o^Knejl the vacuum in the intake passage is hroken, and 
ilic plunger falls, causing ga-solrito Ut gather above it. 'I'his is immediately 
drawn through the pick-uji |»ass;igo and gives the <le.sjrecl mixture for ac¬ 
celeration. Some early aircraft engines were filled with carhuretors of 
iliia type bnl it is not found <»u engines id recent <levelnpnicnl and is pre¬ 
sented so the reader will understand the action of dcvicc.s of thi.s character. 

Master Multiple-Jtt Carburetor.—This carburetor, shown in detail in 
I'fgs. 10ft and 10^^ has licen very iiopiilur in racing cars ami early aviation 
engines hecaiise of c.xceptionaUy good |>ick-ut> <juahtie.s ami its thorough 
atomical ion of fuel. Its jinnciplc of n|>eralnMi i.s the (breaking n)> of the 
fuel by a series td jets, wliich vary tii tuitiit»er from buirlcen to 21, ac- 
conhng li> I be size of ihe carburet or. 'Diese arc inicovcnd by opening 



Vww I •(; K. I * I If V YK*iiHk 


111*. !)• 


f/vat Sv/»f/ 


MtiJttloftt 


Huot (itfihoihxf 


/•UerSifCt-ffS 




Trnp 


F»g. 109.—Outline Drawings of Various Master Carburetor Parts Showing the Loca- 
tion in the Main Assembly. Note Unusual Form of Spray Noazles. 

I he throttle, which is curvctl—a patented feature—to secure the correct 
)>rogression of jets. The carburetor bas an eccentric fl<»at rhanil)cr, from 
which the gasoline is led to the jet piece from which the jets stand up in 
a row. 1'lie tops of these jets arc closed until the ihr<«lilc is opened far 
enough to pass them, which it docs jirogrcs.^ively. The air opening is at 
the bottom, and the throttle opening is such that a modiflecl venturi is 
hirnied. The ihnjttic is carried in a cylindrical barrel with the jets placed 
below it, and the passage from the barrel to the intake i.s arranged so that 
there is no interruption in the flow. V<tt easy starling a dash-controlled 
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shutter closes off the air, throwing? the suction on the jets, thus giving a 
rich mixture. 

The only adjustment other than changing the jot j>liitc and altering 
the rtoal level is for idling. an<l onev that is fixc<l jl nee<l never he touched. 
This is it) the form of n screw and regulates the position of the throttle 
when at i<lling |u»sition. 1'hc dash conlfid has high-speed, normal and rich- 
starting po.sitinns. In installing the Master carlmretor the float chamber 
may he turned either toward the front or rear. If the float is turned 
toward the front a h>rwnnl lug jjlate should l»c ordered; otherwise it will 
he diflicult to tiislall the control. The thrt»ltle lever must go all the way 
to the slop lug or nKiNininni |wnver will ni»t h<‘ secured. In adjusting the 
i<lle screw it is turned in for rich ami out for lean. 

Notes on Adjustment of Simple Carburetors.—The tn<»rlern float feed 
rarhnrelor is a delicate and nicely hahmeed appluiuee that requires a cer¬ 
tain anumut of attenllou and care in «irder \o ohiaiii the best results. 
The adjtiKtmcnts can f>nly he made hv one ]ios>essing an iiitelligciH 
knowlr<lge rjf earhurelor eon^tnielion atxl niuvi never he made unless the 
reason for rliuijgiiig the old adjustment is uiidersUMHl. V.efore allering 
the udjustmeni of any of the modern forms of carlnir<'tc)rs. a few hints 
reganling the quality to he ohtainefi in the mi\tnre should lie given some 
Consideration, ns if these are projierly niiih’r*itond this kn»uvledge will 
prove of great assisianec in adjusting the vapon/er to give a good work- 
ing proportion of fuel and air. Tliere is sotne fpiesiioii regarding the host 
mixture propr»rticjn.s and it is rstimaled that gas ndl he explosive In which 
the ]>ro)»(>rtionv of fuel vapor and air will vary from <Mie part of the former 
to a wide range inchuled iKMween four and eighteen parts of tlie latter. A 
one to hntr mixture is much too rich, while the one in eighteen is much 
too lean to provulc |>ositive ignition. 

A rich nii.Kture should he avoided because the excessive fuel used will 
deposit carbon and will soot the cylinder walls, comhu.stion-chamher in¬ 
terior. piston top and valves and also tend to <iv<*rhe:it the motor. A rich 
mixture will also seriously interfere with flcxihle control of the engine, 
as it will choke up on low thn»ltle and run well on open throttle when 
the full amount of gas is nec<(cd. A rich mixture may he quickly dis¬ 
covered by black smoke issuing from the outlet stacks or exiiaust ports, 
the exhaust ga.s having a very pungent odor. If the mixture c<mtains a 
surjdiis of air there will Ik> pop]dug .s<»uiids in the car)airctt>r, which Is 
commonly termed ‘'blowing liack.** I'o adjust a earlnirelr»r is mil a dift'i- 
cult matter whejj the purjuisc of the various control inemhers is under¬ 
stood. The first thing to di> in adjusting a carlmretor is to start the motor 
and to retard the sparking lever st> the motor will run slowly leaving the 
throttle aiwut half open. In <»rder to ascertain if the mislure is too rich, 
cut down the gasoline flow gradually hy screwing down the needle valve 
in those types where .such jet orifice cimtrol is provided until the motor 
commences to run irregularly or misfire. Clc»se the needle valve as far as 
possible without having the engine come to a sti>p, and after having found 
the minimum amount 4>f fuel gradually unscrew the adjusting valve until 
you arrive at the point where the engine develops its highest speed. When 
this adjustment is secured the hxk mil is screwed in place so the needle 
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ysiWe will keep the adjustment and not vihniie locnje. 

The next point to UM)k ont for is rej;ulation of the auxiliary air supjdy 
on those types of carburetors where an adjnstable air valve is provided. 
This is done by advancing the spark lever and opening the throttle. The 
air valve is first <ipcncd or the s[)ring tension reduced to a point where 
the engine misfires or pops back in the carburetor. When the point of 
maximum air 8U])ply tbc engine will run <tu is tluis delenuined, the air 
valve spring may be tightened by serewing in on (he regnlaling screw 
until the point is reach erl where an appreciable spoc<ling u)i of the engine 
is noticed. If both fuel and air valves arc .'^et right, it will be possible to 
accelerate the engine speed uniformly without interfering with regularity 
of engine O])eration by moving the thr<iUlc lever or accelerator ])edaf from 
Its cb»sed to its wide o]>en fM^siiion. this l*ring done with the -spark lever 
advanced. 


All types of carburetors do not have (he same means f»f adju.slment; 
m fact, some adjust only with the gas<diur regulating needle; others must 
have a ci»mpleie change of spray iiox/des; wliilr in others the niixlnre pro¬ 
portions may be varied only by a<lius(nicnt of the ((uantity of entering air. 
Changing the float level is citeclive in s<ime carburelor.s. but tins should 
never be done unless it is certain that the level is not ci»rrccl. Full in¬ 
structions for locating cai buret ion tnmbles will be given in proper 
secjucnre. M^ksL nic»cleni airplane engine carburetors can only be a<ljuslcd 
Iw snj^plying varioii*. combinations of choke Inbes, venturi tnembers and 
lixed bore jets. Needle vaUe regulation is found on anlomobile carluirc- 
(ors and in .'si*nic few early nMation engines but is rarely tisc<l on modern 
engines. Metering jdngs having various sizes <»f h(»les, as described in 
the chalkier to follow arc n.sed l‘i change projioriions of fuel flow by using 
a plug with a smaller bole if toi> much fuel is .supplied and vico-ver.sa. 

Effect of Altitude Changes.—It is a fact well known to experienced 
airmen that atmospheric rondilitms have imich to do with carburetor 
aclioii. It Is often oliser'e<l (hat a motor seems to devcU>)> mc#rc power at 
idglit Ihun during the 'lay, a circumstance ninch is atinbulcd to the 
presence of nu»rc tnmsture in the ri><»ler night air. Likewise, taking a 
motor from sea lc\el to an ahnndc oi lO.fXK) feel involves using rarefied 
air in the engine v} Inidcrs and almostiluTic jirc^siires ranging from 14.7 
pounds at sea level to 10 I |Hmiids per siinare inch at the high altitude. 
All carl>urclors \\ill re*|uire some adjustment iu the course of any material 
change from one level to another. Great changes c^f altitude also have a 
marked effect on the cooling system of an acridanc. Water boils at 212 
degrees F. only at sea level. At an altitmle of lO.OlK) feet it will boil at a 
temperature mncleeii degrees lower, or 193 degrees F. 

In high aitthides the minced atniosiihcric pressure, for 5.060 feet or 
higher than sea level, results in uol enough air reaching the mixture, so 
that cither the auxiliary air opeuiiig has to be iucreased. or the gasoline 
in the mixture cut down. If the user is to be conlmtinlly at high altitudes 
he should immediately purchase cither a larger dome or a smaller stran¬ 


gling tube, mentioning the size carburetor that is at present in use and the 
type of motor that it is on. including detail.s as to the l>ore and stroke. 
The smaller strangling tube makes an increased suction at the spray 
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nozzle: the air will have U* he readjusted to meet it and one can use more 
auxiliary air, which is necessary. The effect on the motor without a 
smaller strangling iiilw is a perceptihie sluggishness and failure to speed 
up to its normal crankshaft revoliitirms, as well as failure to give power. 
It means that about oiie-lhird of the regular speed is cut out. The re¬ 
duced atmospheric pressure reduces the |)ower of the explosion, in that 
there is not the same ejuantity of oxygen in the combustion-chamber as 
at se.a level; iit tiuTeasc the amount taken in, you must also increase the 
gasoline s)>ce<l. which is d<nu* by an increased sucili>n ihnmgh the smaller 

VARIATION OF ATMOSPHERIC PRESSURE WITH ALTITUDE 
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strangling aiwrlnre. Some forms of carhurctors arc affected more than 
others by changes of alliliide. which cx]>lains why the Zenith and Strom- 
lierg are so widely employed for airplane engine use. 'I'he c<»mpensating 
nozzle construction is not influenced as much by changes of altitude as 
the simpler no/zU* types are and coinpeiisali^m means can be and are 
easily incorjxiraled in the carburetor so the pilot can change the mixture 
projM>rli<*ns to allow for the reduced air density. 

Compound Nozzle Zenith Carburetor.—The Zenith carburetor, shown 
at Fig. 110. has become very |>opular fur airplane engine use because of 
its simplicity, as mixture coinpensalum is secured by a roinpcnsating com¬ 
pound nozzle principle that works very well in practice. To illustrate 
this principle briefly, let us consklcr the elementary type of carburetor or 
mixing valve, as .shown in Fig. Ill A. It consists of a single jet or spray¬ 
ing nuzzle placed in the jiath of the incoming air and fed from the usual 
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float chanil>er. It is a natural inference to suppose that as the speed of 
the motor increases, both the flow of air and of g;asoline will increase in 
the same proportion. Ibihappily. such is not the case. 1'Iutc is a law of 
liquid bodies which stales that the H<nv of ^siilinc from tbc jet increases 
under suction faster than the flow of nir. crivingf a mixture which ^ows 
ridicr and richer—a inrxliire ccmtainiiii' a nnich higher percentage of 
gasoline at high snethm than at low. The tendency is shown liy the ac¬ 
companying curve tKig. Ill ID. which gives the ratio of gaNoline to air 





Fig. 110.—Sectional View of Zenith Compound Nozsle Compensating Carburetor of 
(he Simple Type that was Widely used on Early Airplane and Automobile Engines. 


at varying speeds from this tyi>e of jci. Tlic mixture is practically con¬ 
stant only l>ctvveeii narrow limits and at very high speed. The most com¬ 
mon method of correcting ihi.s defect is hy putting variou.«5 auxiliary air 
valves which, adding air, tends to dilute this mixture as it gets loo rich. 
It is difficult with makeshift devices to gauge this dilution accurately for 
every motor .speed. 

Function of Compensator.—Now. if we have a jet which grows richer 
as the suction increa.ses. the oppoMte ty|>c of jet is one which would grow 
leaner umlcr similar conditions. Haveroy. Uu* inventor of the Zenith, dis¬ 
covered the principle of the cmisUnt flow device which is shown in Fig. 
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me Hero a certain fixed aimmnt of gasoline determined by the open¬ 
ing I is permitted to flow \ty gravity into the well J open tt> the air. The 
suction at jel IJ bus n<j cfTect u|Min the gravity compensator I because 
the suction is destroyed by the oik*ii well J. The comj*oiisainr, then, de¬ 



livers a steady rale of flow per unit of lime, and ns the ino(i>r suction 
increases more air is drawn up, while the ainount of gas«>line remains the 
same and the mixture grows poorer and i>oorer. Kig. Ill D shows this 
curve. 

By combining these two types of rich and poor mixture carburetors 
the Zenith cnmiKnuid nor.zle was evolved. In Fig. Ill E, we have bo.th 
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the <lirm suction or richer type leadinff through pipe K nod nozzle G and 
the •'constant flow" dinicc of lla\crey sh<»wii at J. 1. K and imzzle H. 
One cotinleracis the defects of the c»tUcr. so that from the cranking of 
the motor U* its highest s^HTfl there is a constant ratio of air and gasoline 
to supply cflicicnt combustion. 

In addition to the comi>oMnd nozzle the iicnith is c<jiiipped with a Slarf- 
iiig and idling well, shown in the cut of Model L carburetor at P and J. 
This terminates in a priming hole at the edge of the luillcrfly valve, where 
Micticm is greatest when thjs valve is slightly oi*cn. 1'hc gasoline is 
drawn up hy the suction at the prltning hole and. mixed with the air nish- 
itig by the liutterfty, give.s an ideal slow sjieed mixture. At lughcr spec<ls 
with the hultcrfly valve opened further the priming well ceases Xa operate 
and the coiu|>ound nozzle drains ll»e well and c^niipcusales correctly for 
any motor sjiced. 



Fig, 112.-«-Zemth Duplex Carburetor for Airplane Motors of the "Vee” Type, Widely 

Used on War-Time Engines. 


With the r«'>niliig of the dmibic* motor ciuilaiumg eight or twelve cylin¬ 
ders arranged in two Vee blocks. Ibc tiucsiion of carburction has been 
a problem re<[uiring much sindx. 'I'he single carburetor hu'^ given only 
111 different results clue to the strong cro.-.s suction in the inlet manifold 
from one set of cylinders to the iithcr. 'Hiis iialurally led to the adoptitm 
of two curlmrclors in which eaeli set of evlmders was independently fed 
hy a separate carburetor. Results from (his system were very good when 
the tWit carburetors were working exactly in unison, but as it was ex¬ 
tremely dirtieult to accomplish lliis eo-nperalion, cs|»ecially where the 
adjuatahio type was empUweil. this .system never gained in fav»)r. The 
next logdeal .stcf» was the Zenith Ihiplex. shosvn at l*'ig. 112. This consists 
id two separate and ilistinet carburetors j<»ined tiigetluT so (bat a common 
gasoline float chamlwr and air Inlet could be used by both. It docs away 
with cross suction in the nmnihdil iH-cause each set of cylinders has a 
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separate intake of its own. It (I<»cs away with two carburetors and makes 
for simiilicity. The practical application of the Zenith carburetor to the 
Curtiss 90 horsepower 0X2 motor used on the JN4 standard training 
machine of wartime fame is shown at Fig. 112, which f»utlifics a rear view 
of the engine in tjnestion. The carhnrelnr is carried low to permit of 
fuel supply from a gravity lank carried hack oi the imilor. 



Fi^. llS.^Rear View of Curtiss 0X2. 90 Horsepower Airplane Motor Showing Zenith 
Carburetor l^ocation, Design of Intake Manifold, which was Water Jacketed and Hot 

Air Leads from Air Stoves Surrounding Exhaust Pipes. 

Zenith*Liberty Type.—'I'he alii Hide adjustment of the Zenith Aero¬ 
nautical Carlmretor is illustrated diagrainniatically at Fig. 114 A and as 
applietl to the carllurotor used on l.ilwrly engines nt I'ig. 114 H. The 
float chamher is oiwii to the air llir<»ugh two screened air inlets. Tlie well 
J is in open coiinnmiieutimi at its top with the (loal chamber. A passage 
P is provicleil from ilie float chamher to the carbureting chamber below 
the throttle valve, this passage is fitted with a stopcock L which is manu¬ 
ally opcratei) from the pilot's seat. Under normal conditions, i.e., near 
the ground the stopcock should be closed. The fuel in the float chamber 
will he subjected to atmospheric fircssure through screened air inlets. 
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Fif. IMA.—Diagram Showing Principle Involved in Altitude Control of Zenith 
Aviation Carburetors. B—Practical Application of Altitude Control to Zenith 

Liberty Carburetor. 
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Fig. tl4C.»SectionAl View Showing Construction of Zenith-Duplex Carburetor Used 

with Liberty Aviation Engines. 
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When the cngmc is riinuin^;. tl»e parlial vnciitiin ]ir(Mltic(‘fl in ihc choke X 
will draw fucJ out <»f nnz;des G and H in prrrper |)ni|M>rlions. When an 
altitude of 6.000 feet is reached, the pilot will iK'tjIn openinR the valve L. 
thus drawitiK air from the Hoai chaiiihcr and estHhlfshini' a partial vacuum 
therein, this dt*(K'n<linK ii|Km the amount the valve L Is opened. The 
partial vactnim or .‘^notion cITect on top of the jfasnllne in the float chamber 
will reduce the flow thnni^h the jets liecaiisc of its retarding efTect and 


Fig- 115.—Zenith Aviation Type Carburetors with Venturi Tvpe Deflverv NnrrTe. 



TIKNMTH VENTURI TYPE NOZZLE 




the mixture will l>ecoi)ie iijore Jean. The altitude valve should be opened 
as much as p<)s.s(l>lc without prcxliiclti^ a dn»p in the engine r.p.m. 

The carburetor shown at 114 C is the unit used on Liberty engines^ 
two being uso<l. each <nio fccrling six cylinders. I In nigh as ihvv arc duplex 
types, a scjairalc mixing chamlKT is provnlcrl fi»r each three cylinders. 
I'he proportions of the mixture are carefully <lelermincd by three vari¬ 
ables, the choke, jet an<l compensator and should not Ik* altered after brake 


tests have shenvu that the sizes selected are licsl for the motor lu which 
the rarbuTclor is filled. 

The nnuiliers stamped <»v} each of these parts indicale the size. The 
chokes arc nuinhered aecor<!ing t‘i the smallest in**^idc <)iameter in niilli- 
inelcr.s. 'I'he jets aiul couipensators are uinubcred according to the rli- 
aiiieler o( the o]iciiiiig in lininlreilths of a uiillnueter. (•’or Instance, a No 
105 jet lias a hole l,t)5 ujillinieUTs in diameter. 'I'hc choke and jet sizes 
wliich have been fouinl to gi\e the lie'll results on Kilter I y **12’* engines 
are: 


Clioke .No. 31 

Jci . .Nil IJ5 

.... . Si* tS5 

hlliiiK Jet.N«. 70 


Zenith with Venturi Type Delivery Nozzle.—Another type of Zenith 
carburetor having a \eulnii l\ia' delivery uo/.r.le is shown at iMg. 115. 
hVoin the usual ty]>c of Ibiat ebamher llie g^'lsol 1 nc passes through two 
ineleriiig jel.s iiitr* two wells. Hic Jir^t, or main cniuksiou well is under 
ifu* fiepression i>f the venturi iiox/.lc which draws the fuel through the jet. 
'I'hc second, iir coiupeii.salitig svell is maintaiued al atnn>s]iherie prcsstire 
by an air hleed, eonse<|uently the gasobue flow ilirough the coinjicnsating 
iet is hy g^ra\ity only. 'I'hc two wells coiumnnicate hy means of two 
)iassage>. 'I'hc delivery to the venturi lutr.xle is from the main emulsion 
well only. In operation, the lh»vv through (he mam im*(eruig jet increases 
more ra)>idly than the engine stiectl and if tins jet ahnie was depended 
on the mi Mure wouhl liecotnc richer with iuereasing speed. 'I'hc com- 
peiKsating jet is made too lean to run (he engine alone an<[ the flow is con- 
'‘lain at all speeds. 'I'Ik* llovv through the coiiipeiiNaling jet decreases 
abiuit as much as that in the main jet incresises as motor r.p.m. augment 
and as h<nh jets work together the proticr comt>ensalion results. Fi»r 
.^low ninning die vertical idling' tube receives air and g'aM»line from the 
c«»inpensaling well. The lui.xiure richtie.ss is controlled by rai.‘«ing or Io\v- 
eriiig the conical screw .sjiown al lb 

The “Bristol** Triplex Carburetor.—This carhureU»r has licen specially 
dc.'Jignod for the “Bristo)" Jujnter ciigdne and consi.sis of three carburetors 
vuinbiiied irj one unit. o]>vralcd by one set of c*»ntrols, and necessitating 
only one fuel feed ]>ipe in jdace of the three jdpes used in a conventional de¬ 
sign, This <lcsign. besides simplifying construction, gives a saving of 
weight of approximately 50 per cent, and results in a very compact in- 
'<tTument, which can be mounted low enough t«i obtain a goi»d gravity feed 
and yet be placed inside the cowling. Each carburetor has its iivvu iudeixriul- 
cut float chumher. jets, mix fug ehamlRT, choke and throttle. To suit the 
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Pig. llSA.^The Bristol Triplei Carburetor Used on Bristol-Jupiter Engines Has an Adjustment for the Main Jet 














BRISTOL INDUCTION SPIRAL 
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convenience of in.stalintioii the Ilir<»ltle And Ahitiulc control levers arc 
adjustable to any ang^nlar |><istti<M). and are inter-connected in order to 
ensure the altitude lever l>einjj autonialicaliy returned to (he rich or jjround 
position when closing: the throttle on a ijlidc or dive, thus preventing the 
possibility of the engine l>eing damaged through running at ground-level 
on the weakened setting used U»r aUiludc work. 




racing tor 
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conlrollini; 
How 


joint 
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Fig. USB.—The Bristol Jupiter Series VI Induction Spiral. 

The main jet is of the vuriuhlc type, greatly facilitating tuning, and 
permitting its use as n simple form of altitude control, giving an esceptional 
range, as borne oni by the results of otlicial tests on high altitude .scouts. 
I'or commercial purpi»ses. the mam jet can be controlled in flight to give 
die maximum fuel economy iitider cniisitig conditions, resulting in a 25 
per cent saving in fuel consumption. The choke and air lialance have been 
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designc<l l<* give stalilc operating characteristics over a wide range of 
conditions, permitting ihr bench setting l>eing tUilized without returning 
for varying inslallatirm flight conditions. The float mechanism is simple 
but efliciciit and rvltahle, and is arranged to pass sufficient fuel to cope with 
the maximum demand with an ample margin, and to give freedom from 
flooding under the greatest possible variation in normal operating alti¬ 
tudes- As can be seen by consulting the sectional view at Fig. 115 A, the 
fuel from the main jet pas.'^es into the entering air slreaui through a scries 
of holes in the rcstriclcd throat of the venturi. The Jtiain jot adjustment 
is by simjde mecharnsni. a lc\er actuated inlornally threaded sleeve lifting 
a control stem ajiainst spring pressure. The float is made u|> id a number 
of cork pieces suitably fastened together. The fuel control needle, actuated 
by the is a -simide coiinterbalanewl form wrth liberal area of seating. 
In view of tbc c.\ plana lory mailer which has been given on carburetor 
action, it wilt not Ik* dtflundt to understand the functioning of the Jupiter 
triplex fuel mixture producing device. 

The Bristol Jupiter Series VI Induction Spiral.^A patented feature that 
was incorporated in the Bristol Jnpitcr models included in Series VI made 
for more uniform mixture di.stnl>ulinn in nine-cylinder radial engines 
This s])iral distributor, which is shown in Fig. 115 U. ensured a homo¬ 
geneous mixture and contributed inaterially to the smooth niimmg of the 
engines bnilt prior to ihc incorimmtKMi of the gear driven blower included 
in the latest intKlels. The spiral is a circular three start casting housed in 
the annular induction chamber formed in the rear of the crankcase, the 
chamber being closed by a spiral cover. Tbc three starts of the spiral 
form, with the spiral chaniU'r, three separate channels, each isi dated from 
the other and fed by one carbiirelor. each channel feeding three evenly 
spaced cylinders. This arraiigemcnl ensures that even in the event cjf any 
interference W’ith the functioning of one carbiirelor. ihe engine will continue 
to run smoothly. The deflectors ensure tlial the gases rotalc in the desired 
direction, and arc arranged >o that even in the event of a back fire the 
distribution is not upset 


QUKb l lONS I'OR KKVnCW 

1. Wliat i'' ihc simnlcsi iiraclu;il (orm of c*4rfnirclor and how docs ii work’ 

2. Why was ilw bid carliiirrtur dorUiucd? 

3- Wbal IS Ji nictoriuc valw c.irtnirHor' 

4. W'hftt advanUKC a tmiUiek* jrl farlnircltT l»avc o\*t a •imkIv jet U*rm? 

5 \Vfi> arc ,iccolcranny: wvUs ii<-c<lrd** 

h. What IS tbc tiTcci of alliUulc cbaiiKc on miNliirr adjiislinvni and tiow is it com* 
ncnsalcd for' 

7. OiUbnc action of 7cnhh C<nii|Hiund iiorrlr. 
a DcsfnlK aliiniHc adjnslnicni on Zcmth*1.ilK*rty type. 

9. How does ibc Bristol inplc\ curbiirrlor work? 

10 What is the funciion of ihc inducllun spiral? 
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STROMBERG AVIATION CARBURETORS 

The Air Cherge^Requiremente M Firing Mixture—^Effect of Valve Overlap—Suction 
Pulaations and Blowback—The Venturi Tube—Effects of Pulsationa Upon 
Average Suction—Stromberg Aircraft Carburetori—Carburetors Differ on Various 
Engines—The Plain Jet and the Air Bleed—The Idling System—The Accelerating 
System—Actual Arrangement of Parts—Fuel Supply and Float Action—Operas 
tion in Different Airplane Petitions—Function of the Strainer—Float Valve Con^ 
struction—Interchangeability of Float Parts—The Fuel Jet Systems—The Main 
Jet System—The Main Discharge Assembly—Volume of Accelerating Well— 
Idling Jet Adjustment—Idling Adjustment—Altitude Mixture Control—Float 
Chamber Suction Control—Airport Control—Combined Airport and Float Suction 
Control—The '*S" Series—The Double Models. 

The Air Charge.—Tlie air flow throiijjh the carburetor is a result of the 
downward motion of the fusltins of iho cnK*uc on their suction stroke, which 
induces u suctluu and (*orres]H>i)diti^ :ur flow ihrough the carhurelor and 
intake manifold into the engine cyliti<lcr. The carburetor and manifold air 
passages are nuule lar^^e CMou;fh to admit freely the ainoiinl of air re(juired 
to fill the cylimler at full speed or. in other words. larj'c enoufih to fill the 
cylinders with air at aiinosjiheric i>ressure and nearly atmospheric tlcnsity 
\ty the time the end of the suction stroke is reached. The power of the 
engine is controlled and rctlnctioii of Sj>ee<l obtained hy use of a throttle 
valve, which rcj^ulalcs the admission of air to the engine accor<ling to the 
extent of its opening. When the throttle valve is partly clo>cd, less air 
can flow' i^ust it to fill the sinice vacateil hy the downward str()ke of the 
|)iston5. and there is con>cf|iicnlly a .strong suction or partial vaemun in 
ihe intake nianifohl ami cylinder. On the other haml, as the throttle valve 
is closed, there is less suction beli>w it in the carburetor, since less air is 
being drawn through. At full spcetl and full oj)en throttle the suction or 
]»artial vacuum in the intake manifold above the carburetor is onh about 
4 to .8 imimd. \vhilc at the minimnm .specil. idling, the partial vacmim is 
between 7 and pounds j>er s<|uarc inch: the values given are for sea 
level, where the external atmospheric pressure is about 14^ S pounds per 
square inch. 

Requirements of Firing Mixture.—It is generally assumed that any 
quantity of air in the cylinder will ignite provided it has mingled tvith it 
gai'Oline or fuel va|Kir of Viii Vm weight. This is tu*t strictly 

irue. however, under the coiuliticms which exist when the engine is ulling. 
On the exhaust sln^kc i^rcccdmg the suction stroke of the engine, the piston 
'loes not occupy the ccmiprcssion or clearance space above the limit of its 
travel and this si)ace is consec|ucnily left filled with exhaust gas at nearly 
.itmospheric pressure at the lime the intake valve o|>ens and the suction 
stroke begins. The presence of this unburnahlc exhaust gas has little elTcct 
upon the rapidity or certainty of combustion when a full air charge is ad* 
mitted to the cylinder but when the throttle is nearly closed and only a 
Mnall amount of fresh air is admitted on each suction stroke, the ignition 
'becomes very slow or may not take place at all. If, for instance, the two 
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blocks of cylinders of a Vcc-type en^jine arc fitted with difTcrent carburetors 
and if the throttle of one block is of)cn to a position corresponding to 300 
revolutions per miiuilc while the other throttle is open to a 700 r.ji.iii. posi¬ 
tion, so that the engine is actually turning 500 r.|».iii.. the amount of air 
reaching the cylirnltTh of the first incnlioncd Mock will he too thin for nor¬ 
mal coin Ini stioii, and the ignition or Inirulng of the charge may he so slow 
that it is still continuing when the exhaust valve opens, showing a flame of 
red fire from the exhaust pijies: or a mnniKT of the cylinders may nul fire at 
alb If several ignitions fail, more and more nnburned mixture will accumu¬ 
late in the clearance space uniil after several rcvnlnlious there will be 
enough air for one explosion and the engine will, therefore, fire intermit¬ 
tently. with strongly market) lortpie vibration. 
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Pi^. 116.«Diagram Showing Relative Amounts of Air and Fuel Vapor for Pull Power 

and Engine Idling Throttle Position. 


Tronl)lc cd tins sort is very cmiimon with engiue*^ having umre than one 
carburetor unit, and can only be cured by accurate and positive adjustment 
or *‘synchroiiizatioir* of the several throttle vahes. It should be noted 
that air leaks In the inlakc manifidd joints or exbausl valves that do not 
seat tightly will unbalance multiple carburetor systems in the same way, 
even though the gasoline feed for bile be adjusted as accnralcly as |>ossibl€. 
Fig. 116 A and K show Ibe normal proiH>rlioiis of air. fuel and exhaust gas 
in the mixture charge, while Fig. 117 A ami It ilhisirate the ciTcct of air 
and exhaust gas leaks. 

Effect of Valve Overlap.—A C4»ndition e<|uivalcnl to that caused by air 
leaks in the intake manifold is obtained when there is a pcnqjtihlc valve 
overlap or duration of time at the top of the piston (ravel between the 
exhaust and intake stroke when l«jlh intake and exhaust valves arc open. 












ENGINE OI'EKATING CONDITIONS 


275 






mil 

Sfcai 

•2*^2 o I 

r 

c •O.t o ,* 
3 Otf »Z «■ 


« c«. z< S 

tt (» s w 


Ci3oo 

S5|<i 

w£o£S 

X tu^os: 

tr 


-5°< 


Fig. 117.—Diagramt Showing Relative Amounts of Air, Gasoline. VaD«. and Eahaust Gas Under Various Engine Operating Conditions. 
A—Nearly Closed Throttle with Air Leaks in Intake Manifold. B—Nearly Closed Throttle with Eahaust Leak. C—Action of Over¬ 
lapping Valve Timing. 
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In this case, as shown in Fi^. 117 C. there can be an actual flow of exhaust 
gas and air into the combusliun^chamber and intake manifold, which air 
feed will make leaner the mixture in the c^dindcr whose suction stroke 
comes next When the throttle is open, the amount of air entering the 
manifold by this route is small compared with the amount of air coming 
through the carliurctt>r. hut when Ihc throttle is nearly closed, the per¬ 
centage of air coming in through the valve overlap may be considerable. 
The idling adjustment oi these carburvli»rs has siifhcicnt range to give 
enough extra fuel t<i take care of this increased air How. If. however, the 
valve overlap is ditUTcnl on diflferent cylinders—usually iluc to the valve 
tappet or rocker arm clearance not being uniform—ibc cylinders may all 



fact Shpsfrtcm 

Fig. 117D.—Method of Installing Air Inlet Scoops when Multiple Carburetors are 

Used, in Order to Prevent Obatructing Air Flow. 

get difTcrcnl strengths of air charge, which, in conjnnclion with the un¬ 
changed fuel flow from the carburetor, will result in each cylinder having 
a different stretiglh of idling niixliirc. E.ngincs whose \alves arc operated 
by push rods often have a variable amount of overlap, depending on the 
temperature cif the cylinders if the expansion of the i\lindrr i^ dilTcrcnt 
from that of the n«l: this being perbajis mn^.t msirke<l with aliinumnn cyl¬ 
inders and air-conled engines. Under such coinlilions. the valve overlap 
will he dilTerent with the engine cold from that with it warm ainl the dif¬ 
ference in air taken in Ihrnngh the valve o\erlnp may imt only affect the 
mixture proportion but also the .speed of idling. If a large amount of air 
is taken in fmni this source with tbc engine cold, the engine \>ill i<Ue faster, 
and on a leaner mixture ih.an for the same throttle closing with the engine 
hot: and. for sati>f.iclor}- re.Milts, it will be iiecess-ary to set the idling 
mixture adju-<linent to take care of the cohl engine condition, even though 
this results in a verv rich low speed mixlurc when the engine is warm. 
It is obvious that when there is considerable valve o\erlap. smooth low 
speed operation can only In; obtained by h.aving the valve tappet or rocker 
arm clearances set exactly at the proper value and uniform on the different 
cylinders. 

Suction Pulsations and “Biowback ”--A suction stroke lasts only a little 
longer than one-half of a crankshaft notation and in any given cylinder 
occurs every second turn or fourth half turn. With fewer than four cylin* 
ders drawing from one carhurclor opening the suction strokes arc, there- 
















FUNCTION OF VliNTUKl TUB!*: 


ill 

fore» separated by intervals during? which there 5s no actual demand for 
air in the enjrinc. The resulting sncMeu interruption of hiph velocity air 
flow through the intake manifold often dev chips a temporary rchoimd of 
air or ‘’Idowhack” through the carlmretor. This is the cause of the cloud 
of fuel spray often noticed at the air culrancc of carhurelor units feeding 
three cylinders. Waste of fuel from this source can he avoided hy making 
the air intake to the carhuretor of sitflicient length. Turning the air scoop 
Inward the priijicller blast as shtnvn at h’ig. 117 D heliis l»nt <locs not en¬ 
tirely obviate tins feature. 

As will be noleil in later jmragraplis. sucthm tmlsathms. in conjunction 
with the use of the throttle valve, lend to disinrh the natural metering 
characUTistics <if the carhuretor. 

The Venturi Tube.—It is a forlniiaie and useful rcsidt of natural laws 
that both (he air flow through an tipeuing of fixed size and the fuel flow 
through an “air bleed jet" system revpund in suh-^lantially e<|ual proportion 
to changes of sticlion (within the range of air velocities use<l in the car¬ 
buretor). To maintain an apjiroNiinalely nnifnrtn mixture proimrtion 
throughout the power range of engine 4»peration. it is only necessary that 
the “air bleed jet" and luctcritig air opening be exposed to the engine sue- 
lion in the same degree, which condition is ohtaiiied hy locating the fuel 
jet outlet ill the cculcr of a defiiiilclv fonneil air nozzle or venturi tube 
(sometimes called the “choke**), both being on the atmospheric side of the 
ihrollle valve. The venturi lube has another use than this, however. As 
I'revioiisly staled, full jxiwer outjml from the engine retpiires that the 
manifold sucliim or partial vacmim he low, between .4 and .8 j'ounds, at 
full engine speed, when the suction behnv the throttle valve is the maxi¬ 
mum. FriUti the stamlpolnt of nietering and spraying the fuel, it would 
be desirable to use a suction several times this. It has been found that 
both these rcifuircnienls can be ccnnjdicd with by the use of the peculiarly 
shaped air passage of a venturi tube, consi.sting of a reduced or constricted 
central portiiiii with a snuHith round etilrance and a gradually tajiered out¬ 
let. With this it is possible to obtain, on a jet located in the central por- 
tioii, several times the suction existing in the intake passage beyond the 
NCiituri tube, and thereby luatiUaiti a biw manifold vaemmi with a high 
fuel metering suction. 

As the venturi tube constitutes the limitation of air capacity of the 
carhuretor. it is ma<lc in difl’ereiit sizes which may be selected according 
to the retjuircmenls of the engine lo which the carhuretor is fitted. The 
size is usually selected such that at normal full .sjieed and load, there will 
he a mean air velocity (<luring the suclitm stroke) of .300 feel per second 
through the throat or narrowest part. This air velocity should correspond 
to a mean partial vacuum at the mouth of the carburetor, with throttle full 
open, of about sixteen inches water <luring the suction stroke: that U, with 
the carburetor supplying four or more cylinders the vacinnn just above the 
carburetor would read on a water gauge sixteen inches, for three cylinders 
twelve inches and for one evlinder four inches. 

Effect of Pulsations upon Average Suction. —The pressure drop, or 
suction, in a moving column of air is. within the limits of carhuretor opera- 
tion» proportional to the s(|uarc of the air velocity. When the velocity 
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varies, the suction at each moment will 1>e proportional to the square of the 
velocity at that moment, but the averaRe of this suction, as registered by 
a water gauge or by the How from a jet, will be greater than the square 
of the ai'cragc veh«*ity, as a trial coi«|iiitatiou with assumed values will 
show. For this re.'ison, strongly marked pulsations of air flow, such as 
exist when fewer than four cylinders flraw fr<Mn one earlnu*etor, will show 
a higher mean suction in the venturi, and draw more fuel from the jet, 
than would be the case »ere the same amount of air drawn through the 
carburetor at a uniform rale. Tlie efTect <d the jmlsalUms ou the car¬ 
buretor action is strongest at wide open throttle. fi>r as the throttle is closc<l, 
it has a tendency to dampen or partly siiiiMUh out theM* pulsations at tlir 
discharge nozzle, 'riicrcforc, a carburelor which would give a imiform 



Fig. 118.—Part Sectional “Cutaway” View of Stromberg NA-T4 Aviation Engine 
Carburetor Showing Fuel Supply Noizlc and Filter Screen Surrounding Float Control 

Fuel Supply Opening. 


mixture over a range of thri»(lle po>itions with snio<»th air would thin 
out as the throttle was closed under pul>atiiig flow, due to the decreasing 
effect of the pulsations causing less fuel to flow in proi>ortion to the air. 
On certain engines this tendency has been so marked as to require a special 
jet form for its correction. 

Stromberg Aircraft Carburetors.—The new series of Slromherg airplane 
carburetors described in the following pages have been deveIo]>cd by recent 
and exhau.stive tests in the laboratory and lU flight service and their con¬ 
struction represents an improvement over types previously manufactured. 
They give smooth engine ojjcration throughout the range from idling speed 
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to full throttle. An idling; adjustment is provided to give a minimum idling 
speed. The throttle can be ojKrned rapidly from any position with the 
engine warm or cold and an immediate response is obtained without mis* 
fires or backfires. The mixture delivered at full throttle is that required 
for maximum power; at intermediate throttle iKisitions it is that of maxi¬ 
mum economy. The carburetor action is unalTccicd hy the changes in 
airplane position encountered in nnlinary flying and the carburetors will 
continue to supply the engine with fuel when the airplane is '‘stunted.’* 
The mixture control provided on all ukhIvIs is .smnoih in its action and 
vet is iHJwerful enough to give corrcclum fnr high altitudes. Some models 
rrnhody an autoiuntic mixture control which rclioos the jiiltd of all neces¬ 
sity <if making adjustments. In <lrsign, llic carburcKir.s arc c<JiU|>aci and 
sturdy with all necessary adjust ment parts easily accessible, 'i'be material 


tf idur* outlets 



Fuel level 
Mrttrot llo«( 


C^'burelor body 


Fig. Il9.-^Part Sectional View of Stromberg NA>T4 Aviation Engine Carburetor 

Showing Float and Altitude Adjustment Control. 


and \vorkmnnshii» arc held to a high standard. The carburetors are thor¬ 
oughly tested throughout the process of manufacture and before leaving 
the factory are given a final flow test, a diipHcalion of operation on an 
engine. 

Carburetors Differ on Various Engines.—In the present stage of aircraft 
develoiuiicnt. the recpiirciiieuls of engine design are often so rigorous as to 
demand a special carburetor for each iniHlel of engine. The Slnnnberg 
Motor I^e vices Ounpany main tains a standard line of single vertical models 
which is applicable to many types of engines. JCnch twin, or duplex type, 
has usually been designed to fit one particular engine. Owing to the nnm- 
iier of different models, it has liceii im|H>ssiblc to give a detailed dcscrip- 
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tion of each one til this l)ook. hut. am these models are all substantially 
similar hi i^rliiclplc aiifl construction, the information furnished will be 
found {generally applicable. Detailed instructions as to proper jet sizes, 
fuel lc\d setlinjjs. etc., will lie fomid in the instruction books of the engines 
iiiKiii ubfch each of Ilu ve carhiireiors is used, and further information will 
he furnfshed glaclly by the makers upon rec|tiest. 

All Stromber^ aircraft carburetors carry the general model designa¬ 
tion “NA " l•^dlou•ing a byfilien (-). the next letter indicates the type, 
*‘S" for single vcnical carburetor. “U** for double vertical carluirclor with 
float chamber belMcen the barrels. *‘Y** for double carburetor with a double 
float ch.inilKT fore and afi of the barrels, “L** for inverted type, and so on, 
The final iinnioral indica(c*< the ni»miiial rated size of the carburetor, the 


sires starting from one inch which is number one. and increasing in J4-inch 
steps. l'*or exainj>lc a two-inch carburetor is mttnbcr five. The actual di- 
anielcr of the carburetor barrel opening inch greater than the nominal 
rated size, in acct^rdance with the staiulards of the Society of Autiimotive 
ICriginccrs, A final letter is often used to designate a siiecial series of one 
pariicidur model. The iikkIcI ilesignation an<l serial number will always 
be found marketl on the carburetor. On the earlier carburetors this in- 
bnnalum is carried on the alnmitiuni name plate which is riveted to the 
main body, usually on the top of the float chamber. On the later car- 
luii*cl<ir the niorlel designatiiui and seri.nl niuiiber arc stamped on a cast 
lioss on the main IickIv td the carburetor. 


l*'or cxnm|dc, the carbiircti»r shown at l'ig.<. 118 an<l 110 is the Strnm- 
berg NA-T-I ami is a tlirec <»ntlct type used on Wriglit W^hirtwind engine'^, 
J5A and J.Sll models. \W «i|| now pnH*re<l to a coiisidcratioii of tlie basic 
pl•(nc^plc^ of Slrotnhcrg airplane carburetors. 

The Plain Jet and the Air Bleed.— U generally licliovcd that a simple 
plain fuel jcl in a carburetor air opening of fixed size tends to deliver a Ciin- 
tinuuusly richer mixture ns the engine suction and air flow increase, hut this 
is not accurately true. Under the suctions of inetliiini and higli engine 
sjU'cAs. a.s carburetors ;irc m>w built, a plain jet wilt give a fairly uniform 
mixture: but coming doun t<» low spectls and suctions, the jet delivery falls 
oil* serv niarkedlv in relation to the air flow. This ts due to the fact that 
sonic of the suction force t.s con.sumefl in raisings the fuel from the float 
level to the jet outlet (to a\oid overflow with iiir»tor not running, the jet 
must nccc'^sarily stand a safe distance abenc Ihe fuel level), and in over¬ 
coming llie tendency of the fuel to a<Ilierc lo the jcl lij). At low' suctions, 
the di.schnrge from a jdaiii jet is as .simwn iu b'ig. 120 A. with the fuel 
clinging to the metal oi the Jet ami tearing olT intenniltently in large drops. 
The discharge (nnii a plain fuel Jet is. therefore, retarded by an almost 
constant force, which is insignificant at high suctions, but which pcrcepti- 
hlv rctiuccs the fl<»w at h»w suctions. 'I'lic application of the “Air Bleed'* 
principle in oMTComing this diflicnlty is shown in the accompanying itlus- 
IralioMs. Fig. 12(1 It shows n familiar instance of how suction may be 
great ennugh to lift a litjuid above its level, wit limit drawing any of it 
away. Now if a tiny air hole be pricked in the side of the straw above the 
liquid surface aiul the same suction applied as before, bubbles of air will 
enter the straw and the lujuid will he drawn up in a continuous series of 
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small slu^ or drops, as shown in Fig. 120 C. 

Such a construction is not quite suitable for a carburetor jet as there 
is still a distance through which the liquid must be lifted from Us level, 
before the air begins to pick it up: also the free f»pening of the straw at 
its bottom prevents very great suction being c.Kerlc<l on the air blee<l hole 
or vent, just as loo large an air 0 ])eniiig in proprjrlion to the straw size 
would reduce the suction available tu lift the liquid. A modiheation to take 
care of these ptnnts is shown in Fig. 120 1), in which the air is taken in 
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Pig. 120.-«DiacTam3 Explaining Application of Air Bleed Principle to the Stromberg 

Main Discharge Jet. 


slightly below the liquid level and a rest rioting orifice placed at the bottom, 
with the result that a finely divided emulsion of air and )i({ui<l is formed in 
the tube. The construetkm just described, when incorporated into a car* 
buretor jet, takes the form shown in Fig. 120 E. Such a jet tends to give 
a substantially uutform mixture under .steady speed througliout its range 
of operation. The mixture pro)H>rtion can also be nuHlificd f<ir high s])eed 
and low speed as desired by proper selection of dimensions of air bleed and 
emulsion channels. 
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Th€ Idling System.—The structure of Fig. 120 E does not entirely meet 
the requirements of carburetor service because at low engine speeds the air 
flow docs not have siifTicicnt force to carry the fuel up from the jet to the 
throttle valve. As shown in Pig. 120 F a bypass i>r idling passage is pro¬ 
vided to carry the fuel up to the throttle valve and intake manifold when 
the main jet siiclir>n is weak. Ahuvc idling .spmks the fuel metering is con¬ 
trolled primarily by the main jet snclion, the idling system being mainly 
u transfer or bypass inclepemlent of the main jet metering sy.slem. When 
the main jet suction xs low, the fuel discharges through the idling system 
and as the main jet suction increases, some fuel will begin to deliver there¬ 
from. The actual application <»f these prim iplcs to the carburetor is shown 
at h’ig. 121. which is a seciltmal diagram showing general construction of 
Slnnnberg aiicrafl carburetors. 
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Fig. laii^Lettered Diagram Showing General Construction of Stromberg Aircraft 

Carburetors with All Important Parts Indicated. 


The Accelerating System.—It will be obvious that (|uicl< changes of 
engine speed and throttle i>osilkm would inv<»lve rat»td reversals of fuel flow' 
through this idling sybteui. teinling toward temporary periods of lean mix¬ 
ture. It has been found that these may be avoided by the use of «in “Ac- 
celeratiug Well** which is nierelv a d<iwiiwaTcl extension or enlargement 
of the air blec<l j»as.sagc. The depression or suction in the central channel 
is always greater than in the outer or *'Weir* chanil>cr, and any increase 
in suction on the main jet results in a lowering of the level in the well 
chamber. The volume of fuel thus di^iplaced lemjiorarily supplements the 
fuel delivered through the metering orifice, covering up any lag in either 
the idling tube or main jet passages, and gives a rich mixture when the 
throttle is oi>cned quickly from low speeds. Such a rich charge is of especial 
value in obtaining a jinmipt ros|>cmsr from the engine when the throttle 
is opened after a long glide <luring which the engine has become cold. The 
accelerating well system has no effect upoti the mixture proportion except 
during change of speed or load. 
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Pig. 123.—Diagram Showing Fuel Flow in Stromberg Carburetor at Full Open Throttle at A. and at Partially Open Throttle at B 
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Actual Arrangement of Parta.-^Fips. 122 and 123 show in diagrammatic 
form and greater detail the arrangement actually employed in the carbu' 
retor. The fuel level is maintained by a float and shut-oiT valve. The float 
vent and main jet air bleed are located in a recess of the air entrance of 
the carburetor so the metering suclton on the fuel jet will not be disturbed 
or modified by the propeller blast or other dynamic air pressure around the 
engine. For reasons n{ structural ccnivcnieucc. the accelerating well space 
is ma<lc concentric arouml the main discharge jet fuel passage. The ven¬ 
turi lube is made as a removable hnshiiig su that it.s size may be sclectctl 
according to the air cajiacity id the enguu*. 'I’he fuel metering jet is also 
niade removable so that varnms sizes may be selected as necessary to give 
the fuel fluw desired 'The mam jet air bleed size exerts very little clTecl 
upon the mixture and .seldom neccl be changed. In order that the delivery 
ihrough ibe nllitig s\>iefii may increase ."oincwhat \Mtli the throttle 0 ]>cm- 
ing, the idling discharge f*)iciuiig is li»caied at the edge of the throttle valve, 
sf» that opening of the tbroule will increase the area subject to manifold 
dcpfcs.sioii and thu-s give greater fliov ihnmgli the iilbng system. A.s gen¬ 
erally fitted, the idling metering jc*t iiielcrs the fuel fmm 2.^ r.p.in. to 7tXl 
r.p.m., above which sjiee^l the mixture is governed by the main metering 
jet si:te. 

The idling system also contains mi air bleed winch serves the threefold 
purpose of reducing the suction ou the idling metering orifice to control¬ 
lable limits, uf pr<iM<lirig a cuu\enieiit lueaiis of mixture regnlntitm, and (d 
ConlribntitJg tt) ilu* uperalMMi c»f the priming <levicc. The iillnig i>assagc« 
?irr nia<le of c<msi<lerably hosier •^\/v than would be necessary if they were 
carrying fuel only, the suctinu through them being reduced in normal run¬ 
ning by the idling air bleed While the engine is at rest, the fuel ri.ses Xn 
the float Uwel boili inside and iuilsidc the nlliug lube, this combined .sinice 
being made eipial to the volume of a rich fuel charge (or one cylinilcr, In 
starling as at big. 122 A if the threatle be closed, the first <(nnrler turn of 
the propeller wdl draw this nrh charge iiU<» the intake mauif<»bl before the 
air bleecl flow thronyli the idling jet system can begin. If an interval of a 
few sectnuls be alb*wed for rclilliiig tlie i<lling tube, anollicr cpiarter turn 
wdl ilrnsv in anolber rich charge, and so on. Tims the carburetor anlo- 
malically jirimes Ur* engine for startiiig If the engine is so warm that this 
(•riming aclic*ii is not desired. c»|H*iiing the throttle one-bmrlh of its way 
will reduce the maiirfold vacnniii .so inueh that m» priming action will take 
place ns Uic propeller is Uirned <iver. 

When the throUlc is nearly closed, in a iHisitiuii corrcstjoiiding to the 
low'cst ulliiig s|»eed a.s shown :il Fig. 122 H the idling mixture may be con¬ 
trolled in two ways: first, by changing the luealum of the nlliiig discharge 
jet so that it shows more <»r less opening above the throttle; second, by 
changing the siaic of the idling air bleed. When the throttle is opened so 
that its edge has passed the idling discharge jet as at Fig. 123 B the idling 
mixture can then be controHcil only by the idling air bleed. The earlier 
Stromberg models were niatle w ith the idling adjustnieni in the form of a 
taper needle controlling the size of the iilling air bleed ami this adjustment 
affected not only the idling s(>ecd. Inil sotneUmes the mixture a.*^ high as 
1,200 r.p.m. of the engine. Most of the later niudcls have the idling air 
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bleed set as a fixed size hdic in a removable plug, the idle adjustment being 
obtained by change of the idle discharge jet to show more or less of its 
opening above the throttle edge; the efTcct of this adjustment rarely carries 
above 600 r.p .m. 

Fuel Supply and Float Action.—In the airplane carburetor the fuel flow 
should he subject to no iUber force than the suction generated by the air 
flow through the carburetor. It therefore is necessary that there be in the 
carburetor, between the main gasoline lank and the fuel jets, a .separate 
constant level reservoir or float chamber. The action of the float mecha- 
nism is indicated in Fig. 124 A. which shows the design used in many 
Stromherg carburetors. \V'itb no fuel in the carburetor the float drops 



Float Mechanism of the 
"S’, "U" and V Type Carburetors 



Level Plioht 
Normal Peed to Jet 


Fig. 124.»Ploat Mechanism of Stromberg Aircraft Carburetors at A. Fuel Peed in 

Level Plight at B. 

down to the i)nsilion shown by the dotted lines, leaving the needle valve 
open. As fnd is admitted from the suj>ply line—passing through the 
strainer before reaching the fli»al chamber—the float rises and shuts the 
valve as the fuel reaches the level showiv When the motor is running and 
fuel is being drawn nut of the float chamber to the jets, the valve does not 
alternately open and close, hut takc.s an intermediate jwsition such that the 
valve opening is just sufficient to keep the fuel su])idied and the level con¬ 
stant. This running level is usually about one-eighth inch below the stand¬ 
ing level. While the engine h operating, the vibration usually keeps the 
fuel splashing considerably above the running level. These float mecha¬ 
nisms have been designed to operate at between one and four pounds pres¬ 
sure, though they w ill generally fee<l .sufficient fuel at cighleen-inch gravity 
head and withstand six |x>unds pressure without flooding with engine not 
running; they will usually stand nine to ten pounds pressure without flood¬ 
ing sufficiently to affect the operation of the engine when running. The NA- 
ZDS model, with an csj>€cla)ly large float designed for the Packard "Shen¬ 
andoah” engines, will stand greater pressures than those given above. 

Operation in Different Airplane Positions.—In airplane service it is 
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necessary that this mechanism should operate positively at all angles anrt 
positions where power is clemanded from the eni'ine, also that it should not 
permit leakage of gasoline in <ither positions. The three views, Kig. 124 B 
and Figs. 125 A ami Ih show the conditions in these carlniretors in several 
difTcrent positions. Poring a dive, rltmh or sule-skid, the action is tiormal. 
due to the way the fli»:it is .miNjiended. When the engine is .stalled with 
plane upside down, the tloul is no longer supportc<l !>y the gasoline, and the 
valve shuts o(T as shown in I'ig. 125 M. The nj'craiion of the float mecha¬ 
nism and the p<»siilon of the fuel during rliffcrent aerial maneuvers depend 
not only upon gravity, hut aKo u]»on the motion ami position of the air¬ 
plane. The imition of the airjdaiie invedves inertia ami, during certain 
UKivemenis, centrifugal force, while the jHisiiion of ilie airiilaiie <lctcmiines 
the ]>osili(m of the ontlclN from the lloat chamher relative to the earth, 
h'igs. 125 (*, I). mid \* slii»\v the |Kisition of the fuel in the float chamher 
during certain maneuvers, assuming that the rarlMireti»r is nionnted with 
the float pivot ftnvard the rear <»f the airplane. The ultimate result can he 
cspres.Hcd simply in terms c*f I lie pihil's sensation of positi<in, sinee his jiody 
is acted on hy the same forces as the fuel mass. The cnrhurctor float will 
function normally whenever the pilot is resting *ni Ins .seat, leaning hard 
against the hack ur the sides of his seat, or lending to slitle forwarfl. If the 
positiim <jr motion id the i*l:iue is such that the pilot lends to leave his seal 
ami l)e su])pc*rtc<) hy the hie hell, the .s.ime h>rrc.s will cause the final to go 
up, that I?', to cl«*se the float needle valve. .At the same lime the fuel will 
g<‘ to the top <d the float chamher ami cease to flow from the tlischnrge 
nozzles. This action can iK*cnr \\hen a violent gust of n imi forces the air¬ 
plane down Ml ffuickly that the jnloi !ea\e.s hi.s >eal. in such case, the fuel 
will take the position shown in h‘ig. 125 h' and temiMirarily cease to flow 
from the discharge noz/le^, even though the airplane he right side np. 

In idiier airi»lane carhnretor practice, the carburetor barrels ami fuel dis¬ 
charge nozxle.s Avere hicalcd alien<l of or behind the float chamber; with 
such an arrangement, when stamlmg with tail down, or diving at a steep 
angle, the main jet was eoiisideral>ly above or below the fuel level, \^'hen 
above, there was a icmleiicy for the mixture to be unduly lean ; when lielow, 
there was a Icmlency for the fuel to leak out. In the newer Stromherg 
type.s, the fuel tllschargc no//les are located in line laterally with the center 
of the float, with the result that the fuel flow* is not di.slnrbed in any norma) 
Hying ptisition. In the NA-N'5 Duplex tvpe. which was designed for use 
in the limited lateral space of the f’urtiss D-12 engine, two floats are used, 
both allaclied to the s.arnc lever .and valve, one aht*a<l of and one to the rear 
of the fuel discharge jet. .As the.earlmretor is incliiie<l. the fuel level rises 
on one fl<iat and goes <U»\vn on the <ither but its jiosition wdth reference to 
the discharge no/.'lc i.s not change<l. 

Function of the Strainer.—In all nnxlels, ilie fuel supply first enters a 
strainer chamher where it must ji.ass ihrcnigh the strainer screen, which in¬ 
tercepts any dirt particles which might ch>g the needle valve opening or. 
later, the jets. The strainer is retained l»y the strainer plug and a compres¬ 
sion .spring, and can he readily removed when the strainer plug is taken out. 
A drain i>)ng is abo |>rovlrle'i on the left side of the strainer chamber (in 
designating the left ami right sides of a carbureti>r, it is always assumed 
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that the carburetor t.s hcl<l with the gasnline connection (owanj the 
speaker), liy remn\in^f this pluj; the strainer chamber can he thoroughly 
drained and flushed out. 

Float Valve Construction.—The float valve parts on an airplane en^pne 
arc .subject to a severely <lcstrtictive effect from the enifinc vibration, and. 
therefore, receive the nuixt careful c<instruction and selection of materials. 
In these carburetors Ibc needle valve scat and fl<iat lever jiin are of hard 
Monel metal, while the needle point is ma<lc of an even harder lumcorrod- 
ing alloy steel. This gra<hiatirM) in hardness is used in orricr that ihr un¬ 
avoidable wear may be confined to the seat, so that it will tend to conform 
lo llie .'‘hape of the needle, The level reached by the fuel in the float cham¬ 
ber <le|>ends somewhat ujifin the specific gravity, being slightly higher as 
the fuel is lighter. A.s set at the fartf»ry the>c float valves will operate 
projicriy an<l hold the level suflicicnlly close, with fuels ranging between 
.^8 to 76 degrees banine gravilv. Alicrallons in the level are obtained 
by tlic use of thicker or tlunner gaskets nmler the needle valve seals. rroj>cr 
selection of gaskets and e*<iivenieiil methiHls of inea<^nring' and setting tlic 
level an<l of removing and lejdacnig the difMTcnt jiarls, arc de»«cril>ed later. 

Interchangeability of Float Parts.—The same float needle valve, needle 
scat, strainer and strainer tdug and fulcrum screw have been usccl in nearly 
all models ilcscnlu-d. The NA-X1)5 carburetor, whoxc jianicular service 
ref|iiirctl a smaller ftiel opening in the nee<lfe valve seal, has this u Xo. 12 
drill sixe. 'Vhe sbandanl size c»f this opening is N<» 9 drill size, ‘rhe 
iiukIcI h:us a special needle and seat vMlh a Ko 20 drill size <jj»eiuiig- Due 
In liniitulitms «d sjjace. it has been ucce^sary to use <liffcrent sha]ic<l floats 
in tlifTerenl nio<lefs. 'Die N.\-l)4, X ami NW-SX carburetors have a 
float inches diatneter and Jjx inches thick. 'I'he N'A-S4 and XA-S5 
mcKlcIs have a fli»al of tin- .same fliaiueicr hm 1;^ inches thick. The NA- 
Xi),S has a flcKit <»f the same iliiuneter hut inches thick, 'riic N*A-S6. 
N.A-S7, N.\-L5, XA-l*f* and NA-\'fi miMlcIs have a fii»al 3}^ inches di- 
amelor, P'ba inches thick, 'riie X.A-lKi model has a spherical float 3*>'ni 
incho diameter, which diws not lit any of the other carburetor models. 
The NA-N S, XA-Vf>. XA-Vr and X.\-SI2 models all have sj^ecial float con- 
drucluins which will lit no oilier models. 


The Fuel Jet Systems.—The action <if fuel delivery in these carburetors 
may lie ctmsiderc<l iirder two heads, the **Main Jet** ami the “blliiig Jet’* 
'‘Vstcnis, As prevKuolv exi»lame<l. the Mam jet >>'lem control.^ the fuel 
fee<l in the upper half of the engine .sjK‘e<l r.iiige. wlnle the Idling jet system 
roiitnds llie hnver half, llumgli v»n ipnck opening of the throttle at low 
speed the main jet c()ines into action. For instance, if the carburetor were 
pfo]>crly fltte<l to an engnic Uinmig a iiropeller at a maximum S)>ecd of 1,800 
revolutions per nnmilc, the mam jet system would snpjdy the fuel ihrough- 
ont the range fnmi I.SiXi rp.ui. <lovvn lo *Xil> r p.m. (a^ the iHivver required 
C(»rresponds lo ihe cube id the speed, the power needed lo turn the air¬ 
screw at 1 . 1 ) 111 , woidil he oiilv one-cighlli that needed al full speed), 
hroui *X)0 r.p.m. down to idling, llie fuel is tlvlnered ami the mixture pro- 
l»»rtion controlled by the kllitig jet system. When the engine ia idling, 
^cry little throttle opening is reipured and the vaennm in the intake mani¬ 
fold is relatively high. If the throttle he oticncd .siuldciily during these 
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low spCx'ds. air will be drawn in «ol only to supply whatever cylinder may 
be on its suction stroke, but also to first fill the intake manifold. This 
quick rush of air is temporarily very strong;: and brings the main jet into 
operation. The engine speed increases due to the throttle opening and the 
main jet continues to function. 

The Main Jet System.—This involves^A ‘'Metering Jet” at the bottom 
through which all the fuel is drawn from the float chamber and which re¬ 
gulates the high speed mixture proportion. A "Main Discharge Assembly/' 
which includes:— 

(a) A small air passage and "air bleed" holes through which air is 
drawn into the main channel passage to be discharged along with the 
gasoline. 

(lO An emulsion passage and n number of discharge holes located so 
as to spray this fuel enuilsicm evenly through the colninu of entering air. 


Mam 
discharge 
nozzle 


Accelerating 
well screw 



Mam air bleed 


Mam 
discharge 
nozzle stud 

f 



Typical main discharge 
let assembly 


Mam discharge \e( assembly 
of Inverted NA • L carburetor 


Fig. 126.*»TypicaI Main Discharge Jet Assembly of Stromberg Carburetor at A. Main 

Discharge Jet of Inverted NA-L Type Carburetor at B. 

(c) All accelerating well chaiulKT anuincl llu* niaiii channel passage, 
which holds u reserve supply of fuel to be discharged as the throttle is 
opened, thereby insuring a iiosiiive resptmsc and pickup of the engine 
without stalling, missing or backflring. 

(d) Openings w hich conduct to the idling metering orifice. 

The metering jets are numbered tr> iinlicate their size, the numbers rang¬ 
ing according to the Twist Drill and Steel Wire Gauge. Details of con¬ 
struction, tables of size, flow capacity an<l methods of testing are given 
later. 

The Main Discharge Assembly.—The body of the discharge nozzle is 
usually made an aluminum ca.sting. which carries the air bleed opening and 
emulsion discharge holes. A central bushing or stud of brass is screwed 
very tightly into this casting and the two arc held in the carburetor by the 
brass accelerating well screw, as shown in Fig. 126 A. 

The bore of the main discharge nozzle stud forms the passage through 
which the emulsion of fuel and air travels and should bear a certain definite 
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relation to the amount of fuel and air which muf^t pass through it. If this 
passage is too large* the air hubbies will not fill it to give a homogeneous 
emulsion; if too small, the resistance to flow at high speeds will retard the 
fuel of this emulsion more than it does the air, resulting in a teinlcncy 
lowani lean mixture at high speeds. In the inverted carhnrctors. the main 
discharge jet has been made of dilTercnt form, as shown in Fig. 126 B. To 
prevent any rise of level in the final chaitdier from flooding gasoline into the 
intake passages and thciicc into the engine cylinders* the wall of the main 
discharge jet has been nia<le in the form <jf an overflow cup, The edges of 
this cup are beneath the cross )>assage to the main discharge openings and 
when a rise of level occurs, the fuel esca]>cs through the air bleed restric¬ 
tions an<l over the e<lge of the cup to a drain ctiainher and a drain pipe ter¬ 
minating underneath the fuselage. The remainder of the jet functions are 
the same as in the standard form of carlniretor. 

In the tubular wall of the eniiilsum passage are drilled a number of 
holes, which connect the emulsion passage with the accelerating w'ell cham¬ 
ber. The iii)per hole.s are so near thu fuel level that they are uncovered 
at the lowest suctions that will draw fuel from the main jet, so that they 
admit air to the emulsion passage all the time the main jet is in operation, 
The next lower holes into the emulsion t>aNsage furnish the flesired area of 
<ij»ening for the fuel to pass from the siccelerating well chamber to the emul- 
s\on passage for acceleration. They arc usually made of aggregate area 
ei|ual to or greater than the emulsion passage so that when the throttle is 
Mpened* the accelerating W'cll may discharge as promptly as possible. The 
shange of the accelerating well fuel level at different throttle positions is 
illustrated in Figs. 122 an<l 123. 

Volume of Accelerating Well.—-n*he volume of the accelerating well 
chamber has been worked out experiiiieulally on the dilTerent carburetor 
models so that the excess volume of gasoline dischai'ged when the throttle 
is opened, will give .sm<H»th and jmsitive acceleration with the engine cold, 
ass when gli<ling d<jwn from altitude. When the engine is very warm, this 
may give so rich a mixture as to .show a slight slumhle or hesitation* with 
semic black smoke in the exhaust, when the throttle is opened quickly; as 
ihi.s rich mixture only lasts for two or three suction strokes, there is no 
danger of plugs fouling or the engine stalling from this cause, while the 
advantages of the rich accelerating charge for a cold engine arc obvious, 
rhe di.schargc of Idack smoke may he cut down by rc<hieing the size or 
number of the second row of holes hi the emulsicui passage and also by fill- 
iiig u]j part of the space in the accelerating well chamber with a bushing 
or plug. The size of the holes in the sides of the emulsion passage to a 
certain extent determines the sire of the air hiihhies formed inside the jet 
.'uid it has been found that the smaller size holes give a finer emulsion and 
a steadier flow. For this reason a iiumber of small hides are used rather 
than fewer large ones. At the bottom of the enuilsion passage are located 
what are known as the idle fce<l holes, thnuigli which the fuel is drawn to 
the idling metering jet and idling system during closed throttle operation. 
The aggregate area uf these hole.s is made cemsiderahly larger than that of 
the idling metering jet so that they cause im re.st riot ion. At full open throt¬ 
tle and full speed, air comes back into the main discharge passage from the 
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ullinj' syMPiu. anti ihis has a tcmlcncy to make the mixture leaner than if 
such air (low or air bleed were not takin(; i>lace. 

This tendency is least when the air from this source comes in with the 
main air bleed at about the level of the lower rim of accelerating well feed 
holes, as shown in h*ig. lib A which illustrates the const ruction used when 
it is dcsire<l that the part llinMik* or crui*^iiig mixture ranj^c shall be as lean 
or leaner than the full power ran^e. Due to the ctTect of ]>iilsalion.s» as pre- 
vujusly explaine<l, with three or fewer cyliitilers pulling from one carburetor 
air ojicniiig. the suction is higher in pri»pnriion Ut the air How at wide open 
lhr<»nle than at i^art thr<nUe, so that frinn this cause there may he a leu- 
ilency to give a tiMi neh iinsture at full open ihroillc if the melenng jel si/e 
has been selected logive lhe<*i»rrect mixlure for part Ihmiile tN>sition. The 
leaning out elleet of tlie reverse air bleed ibrougb the icllmg channel at wide 



Main discharge {at of NAS4 carW 
retor on Wrigtit ' Lawrence radial engint, 
at Kill open throttle. Note air Kow from 
idling system to create emulsion condi- 
Inn in reduced passage of pulsation 
control no 22 le. 

Fig. 127.—Main Discharge Jet of NA*S4 Stromberg Carburetor at A. Main Discharge 

Jet of NA'S6 Carburetor at B. 

open throttle may be utilized in counteract this pulsation cfTert as shown 
in Fig. 127 A. which illustrates the main discharge system of the model 
NA-S4 carburetor feeding three cylinders of the Wright-l .awrance Kadial 
air-coo)e<] engine. In this jet form, the channel carrying tlie idle feed holes 
is ma<Ie .small in dtatneicr, which augments the "leaning out** effect of the 
reverse idle ^air bleetl. It is fouml. if the correct size metering jet be selected 
for partly open throttle, ^ay fr<»in 1.400 to 17S0 rp.m. with a propeller 
which permits u maxinMim engnne speecl <if l.J^OO r.ji.in.. that, without dis- 


Main discharge jet of NA-86a 
carburetor used on U. S. A W* 1 
engine. Note idle feed taken from 
lower part of accelerating well space. 
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turbing the mixture setting in the part throttle range, the mixture at 1,800 
can )>e varied by proper selection of the size of this channel. The smaller 
the channel is made the leaner is the mixture at full speed. When of this 
form, the accelerating well screw is customarily designated as the "pulsa* 
tion control nozzle/* 

An alternative arrangement of ili** idling feed holes is shown in Fig. 
127 F. which illustrates the main discharge jet used in the NA-S6A car* 
huretors on the U. S. A \\' \ engines. In this carburetor, the fuel supply 
is drawn from the accelerating well space and the idling feed holes have to 
lie stunouhat larger than in other coiislructions. due to the fact that the 
(law through them lakes place only by gravity and not by suction. If these 
holes are loo small, there may bo a loan .s|h»i in the range at 600 to 1,000 
r.p m. which cannot be citrcd by cli.mging cither the idling adjustment, idle 
air bleed or melcruig jel size. 

The Idling Jet System.—As previously explained, during the lower half 
of the engine spec<l range the snriion on the mam discharge jcl is very low, 
scarcely sufficient to lift fuel from it. At the same time, however, there is 
a very high Mictirm <»n (he liiiake manifold .side of the throttle and the fuel 
feed is, therefore, arrangecl to deliver into this region of high suction. As 
^llo\vn in Fig. 128 .A, to elTect this there is a complete discharge jet system 
111 uiiniatiire, with fuel luclcnng jet, air bleed and discharge jet, opening 
iiilir the .small air pa*^sagc arournl the throttle formed by the slot in the 
idling discharge jel. 

The metbn<] of mixture graduation of this sinull carburetor element is 
entirely dilTercnl from that of ilie large one (or the reason that the greatest 
auction in the intake* iitanifold above llie throttle is at the lowest speed, 
uheu the (cast air is being taken in. nncl conscr|uently when the least fuel 
IS needed. ,As ilic cugnie sjwed increases .and more fticl is needed, the suc¬ 
tion in the luanifohl <biiiniislies To n>erci>tne this difficulty, the Idling fuel 
system <loes nru meter under the .sucthai existing in the intake manifold, 
hut instea<l is c<mirolled by the suction existing in a small intermediate 
chamher nr slot, situated in the wall of the carlmrctor ut the edge of the 
throttle vaKc and hasing openings in the barrel both above and below the 
throttle. l**ig UK A illnstrales the construction used. *'N’' indicating the 
position rd the throttle valve at 400 r.pm. (pr<»iieller load) and ''M'* the 
position ,at (lOO r jMU.. the air <H)enrug around the throttle in the carburetor 
barrel, reejuired 1 \n the increased engine sj>ced. being approximately 50 per 
cent greater at “.NT* than “N." When (he throttle is in the |>osition *'N,*' 
the ojicning^ fr<nn the idling .slot to the venturi tube is considerably larger 
diaii that fr<jin the idling slot to the intake manifold, and the suction in the 
idling slot is more nearly the low suction existing in the venturi than the 
high suction in the intake manifold. When the throttle has taken the posi¬ 
tion “M.” for ^>00 r.p.m. of ihu engine, the suction in the irlliug slot is higher 
than before, because the npenings to the intake inanibdd and to the venturi 
arc about espial and the suction in the slot Is al>out half way between those 
above and below' it. At 900 r.p.m,. the throttle will have opened still fur¬ 
ther, so that all of the slot is in coiumimicatiou with the intake manifold, 
and even though the suction in the intake manifold is lower than it was at 
lower speeds, the suction in the slot is higher. By having this increase in 
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suction in the idling slot properly graduated* the correct fuel feed can be 
maintained throughout the low speed range. 

Idling Adjustment.-^While the throttle edge is passing the idling slot* 
the mixture is controlled by the amount of slot opening above and below 
the throttle edge, in conjunction with the set size of idle metering jet and 




Pig. 12i.^Typical Stromberg Carburetor Idling Sj^tem at A. Idling System with 
Adjustment Controlling Size of Idle Air Bleed at B. Idling System of NA«L Inverted 

Carburetor at C. 
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the idle air bleed, and any of these may be varied to give the adjustment. 
On the model NA-LS, NA-S6 and NA-UG carburetors, the idle adjustment 
is obtained by controlling the size of the idling air bleed with a needle point 
valve adjustment (see Fig. 128 ID; screwing the needle inward gives less 
air and a richer mixture, outward the n])posite. On later models the idling 
air bleed is made of fixed sixe and the idle adjustment obtained by rotating 
the idling discharge slot to expose more or loss area above the throttle edge, 
there being a quatlrant on the outside of the carl>urctc)r to show the range 
of adjustment. The first mentioned ailjiistmcnt, acting on the air bleed, 
afTects the whole low speed range about efjually—from the lowest idling to 
about 900 r.p.m. With the later or lever type the effect the adju.sinicnt 
is the strongest at very low speeds atul dlsapj^ears entirely at GOO to 700 
r]).ni. When the lever lytH* is usr<l a convenient means of setting for 
speeds fnjiii 650 to 900, without affocling either the low idle or high speed, 
is afforde<l by selection of the pr(*]»cr idling air blce<l size, a larger bleeder 
mahing the mixture leaner, a smaller one richer. 

The idle metering orifice is usually l<»cutcd in the lower end (d the idle 
tube but in some mo<le1s is in a sejiarate part or jet which is screwed into 
]>lucc. The tube or jet tmisi seat securely, otherwise the effect of a larger 
idle metering orifice will be ohtaine<l. resulting in a richer mixture at low 
engine s)>ce<ls and a leaner mixture. <luc Uy the larger reverse air bleed into 
the main jot, at full speed. *rhe idle meiering orifice is iisttnlly made about 
.20 to .25 of the area of the main metering jet. An exact selection of the 
size is unnecess.nry on account of the range of adjustment available by other 
means. The re(|uircuiculs of the i<llitig system on the iuverte<l carburetors 
are peculiar tii that the fuel, after being drawn from the lower part of the 
main discharge jet passage, must be rai.scd to a p<nnt aluivc the fuel level 
and then conducte<l downward to the idle discharge jet at the edge of the 
throttle (see Fig. 128 C); if this were not done, the fuel could drain con¬ 
tinuously from the float chamber through the idling jet into the intake 
manifold with the engine not running. As shown in the illustration, the 
idling fuel rises aruiitid the exterior of the idling tttbe and then goes down 
its interior to the dtscharg^c jcl. the idling air bleed being located at the 
uppermost part of the jiassage w here it will prevent any syphoning action. 
In the model NA-L5A carburetor, u.sed on the supercharged Liberty en¬ 
gine, the idle discharge jet is made with a s|>ecial shape, also illustrated 
while the throttle edges adjacent to the idling discharge jet have been re¬ 
duced to 3^0-inch thickness. On the.se carburetors the idling air bleed con- 
Ftitutes the adjustment. 

The Altitude Mixture Control.^As the airjdane ascends in altitude the 
atmosphere decreases in pressure, temperature and density. The weight 
of each air charge taken into the engine decreases w'ith the decrease in air 
density, cutting down the pow'cr in about the same percentage. In addition 
the mixture proportion delivered by the carburetor is affected, the mixture 
becoming richer at a rate inversely proportional to the square root of 
change in air density. In the Stromberg line of airplane carburetors, two 
different methods, the Float Chamber Suction Control and the Air Port 
Control as shown at Fig. 129, have been employed for correcting this ten¬ 
dency toward enrichment of the mixture with increasing altitude. Both of 
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these, however, operate by decreasing the suction tending to draw the fuel 
through the metering jet. The float chamber suction type of control oper¬ 
ates to reduce the fuel flow by placing a certain proportion of the air pas¬ 
sage suction upon the fuel in the float chamber so that it op])o.scs the suction 
existing in the main discharge jet, The air jMirt control operates by bypass¬ 
ing part of the air charge around the venturi tube and fuel jet. and reducing 



Fig. 129.~Float Chamber Control of Stromberg Aircraft Carburetors at A, B, C. 
Altitude Control Diac Valve Shown at D. Air Port Type of Altitude Control Shown 

at B. 
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both the air velocity and suction existing at the main discharge jet. The air 
port type of control has the advantage that it slightly increases the air vol¬ 
ume capacity of the carburetor with increasing altitude: hut the allowable 
reduction of velocity past the jet reaches a limit at about 20.000 feet and this 
type of control is, therefore, not suitable for extremely high altitude service. 
The air port control also requires an increase in carburetor size which often 
prevents its use when space is limited, as, for instance, in the Vee of a 
twelve-cylinder engine. 

Altitude Mixture Control Range.—As previously stated, the air port 
altitude controls arc designed with a range of correction to about 20.000 
feet, which means that with the control in the full lean position, the fuel 
flow is equivalent to lh«il which would be obtaine<t by the u.sc of no control 
but a fuel jet of 28 per cent less area. Similarly the float chamber suction 
type of control is made with a correction range of 25.000 feet, which is the 
e(/nival Cl 11 of rc<luciug the jot 36 per cent, Tl will be obvious that the 
whole of ibis correction will only be available if the jet size Is correct for 
ground ojtcralion. H a metering jet setting is selected which gives a mix¬ 
ture ten per cent richer than necessary on the gnmnd. relying upon the alti¬ 
tude control to obtain the proper grouml and low flying setting, obviously 
tlir remaining correction available for altitude use will be less tlian if the 
ground .setting were obtained with a smaller jet and the altitude control 
full rich. The term "limit of alliludc correction'* refers to the maintenance 
of the "best scUiiig," or leanest mi.xlure of maximum power. After the 
limit of alliludc correction has been reached, the plane can ascend 6,000 to 
10,000 feci higher l>efr»re the nu-stnre will become so rich as to actually 
cause the iinMor to lose power, although the fuel con.sumption will become 
unnece.ssarily high and the engine may run somewhat roughly. 

Float Chamber Suction Control.—The method by which this operates 
may be iindcr.stood by consideration of Fig. 129 A, U and C. This simple 
carburetor has an air entrance, a fuel nozzle and a float chamber fuel sup¬ 
ply with two fipciiings at tlic lop. one connected to the same suction as the 
fuel nozzle and tfic other conncclcil to a region of no .suction, these connec¬ 
tions having valves, "B** and "A" respectively, which can be opened or 
closed. 

In Fig. 129 A. if the valve be closed and the valve "A** wdde open, 
there is the ordinary and usual condition of carl)urelor action, with suction 
on the jcl, and no suction, but simply atmospheric pressure, on the float 
cliamber. This condition exists when the mixture control is in the full rich 
position. If. as shown in Fig. 129 B, the valve ''B" were open and valve 
closed, no fuel would discharge, because the suction being the same on 
either si<le of the metering jcl, there would be no reason for the fuel to flow 
through it, and the fuel would simply take the level shown. There would, 
of course, lie suction above the fuel in the float chamber, which would tend 
to draw more fuel through the needle ojicniug "D," but provided the float 
were sufficiently large, the valve "£‘* will hol<l shut and maintain the level 
in the float chamber at the normal height. This corresponds to the extreme 
‘lean’* condition that could be obtained with this type of control, in which 
there would be no fuel flowing at all. In actual construction, the suction 
connection is taken from a location of lower suction, as shown by the dotted 
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lines, so that with the valve *‘A’* entirely shut some fuel will flow. This 
condition usually corresponds to a correction of 30,000 feet altitude. Fig. 
129 C shows how an intermediate conditi<m may be obtained. If the cocks 
**A" and *‘B" be partially ojicn the pressure in the float chan^ber will not be 
equal to the full suction on the jet, nor will it be atmospheric pressure* but 
somewhere bctsvccn. depending upon the relative openings at ^‘A*’ and 
The rate of fuel discharge will consequently be between those of Fig. 129 
A and B. And so Icmg as *‘A'’ and arc left in one position, the pressure 
in the float chamber will always be the same percentage of the suction at 
“F*’ regardless of how the suctum at “F" may vary* so that the action of 
any setting is uniform at nil working speed.s. 

In these carburetors the desired range of contred is so limited that the 
valve may lie dispensed with, a small hole of fixed size licing used 
instead, while the total regulatum is accompli.shed by motion of the valve 
"A.‘* In order that the action of the control be not sensitive, the closure 
of the valve must be rapid at first and then mure gradual and this is oh- 
tained by the use of a peculiarly shaped flat disc valve working upon an 
elongated opening or slot. (See I'ig. 129 D.) The cfmstruction of the 
assembly is shown on Ffg. 121. A spring performs the double function of 
holding the control valve to its seat and of pnulucing enough friction in 
keep the altitude control lever from vibrating. In all new models having 
this type of control, the control valve is made an integral part of the car¬ 
buretor, except on the niudil N.A-LS as useil on the Liberty twelve-cylinder 
engine. In this case, one control valve is used for two carlniretors, the 
valve drawing air from the rear air .slack and delivering it to a manifold 
pipe leading to the tui» of the float chamber of each carburetor. 

Air Port Control.—The constnietkm of the air port or auxiliary air type 
of control is shown in 129 E. As can be easily seen, this type of con¬ 
trol oj)eratcs to introduce air which duc.s not pass Ihrtmgh the carburetor 
venturi tube, to the engine manifold. The air is taken frrnn the carburetor 
inlet and enters the carhureior barrel just above ilie vcniuH tube. As ex¬ 
plained elsewhere the clTect of this is to lower the suctum in the venturi 
tube. On some models a .screen with vertical perforations is used to admit 
the air c<]ually all around the carburetor barrel and also to permit fuel to 
drain down the intake pa-ssage without finding its way into the air port 
chamber, which might take place with low engine speeds at low altitudes 
when the air port valve is closed. 

Combined Air Port and Float Suction Control.—On the NA^S4 car¬ 
buretor for the Lawrance Radial engines* a combination of the two typc.s 
of controls has been used. The float vent* which determines the pressure 
existing in the float chamber* is located in the air port passageway on the 
atmospheric side of the valve. When the valve is chvned, there is substan¬ 
tially atmospheric pressure in the float chamber; as the valve is opened, the 
velocity past the fuel jet and the suction thereon are reduced and at the 
same time a certain degree of suction, due to the air velocity through the 
air port passage, is placed on the float chamber. This method combines 
both types of controls and gives a gradual action* increases the air capacity 
at high speeds, and does not reduce the velocity past the jet to undesirable 
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limits at high altitude. It will be noted that all of the control methods men¬ 
tioned preserve the automaticity of the mixture range; that is, any given 
setting of the control reduces the suction on the jet by the same percentage 
at all engine speeds. Since the delivery of the jet bears a constant ratio to 
the suction, any given selling the control has a snhsUntially uniform 
effect upon the mixture at all engine s]k*c<Is during vrhich the main jet is 
in operation. Neither of these ty|>cs of controls alTects the idling jet opera¬ 
tion. 

Location of Float Chamber Atmospheric Vents.-^The pressure of the 
propeller blast is often an ap]>reciable percentage of the difference in pres¬ 
sures in the carburetor c.'iiisiug fuel flow and it is very important that what¬ 
ever pressure disturbance is caused by the propeller blast should operate 
equally on both sides of the fuel metering jet. so that the fuel flow will be 
responsive only to the <lifl*ercncc in ])rcssnrcs resulting from the flow of air 
through the carburetor. To insure this condition, the float venU and control 
openings, in all the types of controls referred to. arc brought to the air 
entrance of the carburetor. Any pressure disturbance resulting from the 
]>ropeller blast or forward motum of the ship is thereby balanced equally 
on the float chamber and on the fuel jet. Whatever slight dcpre.ssioii may 
exist in the air entrance is transmitted to the float chamher and for this 
reason a manometer connected to the float chamber during dynamometer 
test may show some depression with either type of control in the full rich 
position- 

The Series.—The single barrel vertical carburetor is made in twelve 

models ranging in sir.v front inches to and iiiclndiug 2;)4 inches, as fol¬ 
lows : 

>4 NA-S5A NA-S6 NA-S7 NA-S8 

NA-S5B NA-SfiB NA-S7A NA-S8j 

NA-S6C NA-S7B 
NA-S6D 

In addition there Is a large single barrel model, the NA-S12. 

Fig. 130 A. showing an NA-S6 carburetor is ty]>ical of these models. 
They are all similar in general construction, having tlic float chamber on 
<mc side of the barrel but differ in details. The NA-S4. the smallest made, 
has a combination air )>ort and back suction tyt>c of mixture control and the 
lever type of idle adjustment. The NA-S5A is simil.ir to the NA-S4 except 
that the mixture control is of the hack suction type. The NA-SSB is iden- 
lical with the NA-.SSA except for the position of the throttle shaft, which is 
perpendicular to the axis of the float chamher instead of parallel as in the 
NA-S5A. 

The 2}4“inch single carburetor, due to various demands, has been made 
in four models as listed alxwe. The NA-S(> has the air port control and 
variable air bleed idle adjustment. The NA-St^B has a back suction mix¬ 
ture control instead of the air port. The NA-.S6C differs from the NA-S6 
only in having the throttle shaft at right angles to the float chamher axis 
Instead of parallel. The NA-S6D differs from the NA-S6 in having the 
lever type of idle adjustment instead of the variable air bleed. The NA-S7 
is a reproduction of the NA-S6 in a size oue-quarter inch larger. The 
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NA-S7A is identical with the NA-S7 excejit that it has the lever type of idle 
adjustment. The NA-S7B has the thn»ttle shaft at right angles to the float 
chamber axis but otherwise is the same as the NA'S7A. The NA>S8 is 
similar to the NA^S6 except that it has the hack suction type of mixture 
control and lever type idle a<ljuslmetil. The NA-SRJ shown at Fig. 130 B 
is a special model of the XA-S8 for use primarily on air-cooled radial en> 
gines with a supercharger or rotary distrilnitnr. and has an oihjacketed 
throttle half tu prevent the forinntkm of ice. Internail) it is essentially 
the same as the KA-S8 hut the throttle pu.'^ilicm is at riglit an|;les to that 







Pig. 130.—Illustration Showing Various Types of Stromberg Aircraft Engine Car* 

buretora of the NA Series. 

01 the NA-S8 and the fuel inlet, idle adjustment, mixture control valve and 
air bleed are in difTercnt location.s. The NA-S12 is a 33j-iiich carburetor 
with two float chambers and two discharge n<» 2 zles. The two floats, one 
on each side of the barret, arc connected together and operate on a single 
needle valve. The mixture control is the hack suction type and the idle is 
the lever type. 

Stromberg NA*R Series Carburetors.—A line of single )>arrel carburetors 
designed especially for radial air^'miled engines, ha.s been developed by the 
Stromberg Moti^r Devices Co. These carbnrelors. de.signate<l as the NA-R 
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inodcU, incorporate several features now in use on other Slromherg types, 
[ncltided in these features arc an ecoitinni^er. a mechanically operated 
jnimp and a mixture c<mtrol. which on the new mi»del is of the nee<llc valve 
type. Nominal Imrrel sizes of the new inmlcls raiiKc fruni Inches to 3 
niches and dcsigiiati«m is in accord with slaiulard S.A.Iv praclire. The 
lower halves of tlie NA-K4 and N.\-H5 sizes arc S4» arranged that cither <if 
two types c»f throttle half may Ik* iise<l. «ine Nvilh the throttle shaft ]>ara]lel 
lo the fore and aft centerline of the lloat chamber and the other with the 
"haft iierpendicnlar to thm centerline. Manifold flanges of the IJ/i inches 
and inches sizes (3 and 4| arc of the S.A.K. standard two holt 
iy])C, whereas the larger sizes arc of the s(|iiare two ljult (yj»e, Intake 
ihinges for the ap]dic:ition «jf air cleaiuTs or healers are jiriivKleil. 'Throttle 
:ui<l inlxtnre controls ha\c in most eases lH*en designated so that the levers 
may he tnoiinted in any jmsition and owrall dnneusioiis have heeu made 
as small as possible. Kloni mechaiiisins. which arc of the hinge type, are 
large cuongli to ojuTale siUisfacli»rily with fuel as supplied under pressure 
from a fuel iminp tir hy gravity only and the float chamhers have siiflieient 
rapacity and projier local mu id jet feed passages t<» insure smooth engine 
M|kvratioii during nianeiners. 



kig, 130D.—Illustration of New Series NA*R Stromberg Aircraft Engine Carburetor!. 

AdjusiineiUs are provided cm the throttle slop and on the idling system 
•or regulating the i|nalily of the mixture at idling speed. Main and cconu- 
Miizer jets are of the fixed orifice type. 'The fl»»at ch.iinl>cr is vented to the 
•nr int«nke. Floats .nre of lirass with u rciiifi»reing strut through the center 
and thense in the 2 inch. 2*i inch and .3 inch luodcl.s are flat oil the tot) reduc- 
mg overall weight of the carhnretors. The main metering sysleni is of the 
I da in tube type with an air bleed to the main wall. The main discharge 
inizzlc and well construction has been simtdified. one piece being used 
•ii'^lead of the three pieces in other models. 1'lic idle metering system is 
‘•f the standard Stroinherg ty|)e. The economizer of the 2!'i inch and 3 
meh size.s consists of a nee<lle which is held off its seat nt ftill throttle hy a 
torkecl lever fitted on one emi of the fhroiile shaft. Hirectly below this 




302 


MODERN AVIATION ENfllNKS 


scat is metering jet of llic fixed orifice type which accurately meters the 
fuel passing from the chaml)«r through the economizer needle seat 
to the main <lischargc nozzle. As the throttle is closeci the operating lever 
all<jws a spring to .scat the economizer needle thus shutting off the flow of 
fuel through the economlzor system. 'This permits the use of a rich mix¬ 
ture at full throttle aiul u lean mixture throughmii ilie cruising range of 
.speeds. 

A pump <»pcratecl Ijv the lhri>tlle is pn»vide<I to furnish a rich mix¬ 
ture for acceleration. 'I'his cim.sists <d an inverted cylinder having a stem 
at the np|>er end which is iii)eralcd hy the thr<»ltle. Within the cylinder 
is a piston mounted on a hollow stud si'reued into the main body casting. 
'J'he up])cr en<! of this stud is shaped like a small |M»pj)et valve with 
several luiles in the wide face of the valve lending int*» the center hole. 
The valve scat is in the pist<m which is held n]> against the valve by a 
spring. 1'he center hole of the stud connects with a passage lea<ling {u 
the main discharge nozzle. The whole assemhly is tnoniUed in the fl(»at 
chatnl>cr so that when the throttle is cU»sed and the cylinder in top 
position the space within the cylinder i.s filled with fuel. As the throttle 
is opened rajudly the cylinder is moved down and the pressure of the 
fuel alsivc the piston forces it do\Mi thus 4»t^mitig the valve so that fuel 
under pressure is forcc<l out the main ihscharge no/zle. As the throttle 
is closed fuel i.s drawn into the cylinder thnnigh the clearance space 
between the piston and cylinder. 'I'his arrangement of filling the cylinder 
provides automatic regulation of the fuel charge depenchng uptm the 
.‘i))ecd of thfiUtle oiieuing. I'or engines re«iuinng a large accelerating 
charge for cold weather operation, a rest riel ion or reducer may he used 
during warm weal her operation. 

The Double Models.—The double or two-barrel series of carhuretors 
include.s varied mo<lels, the *‘J>" having the float chamber to the rear of the 
two barrels, which arc side hy side, the *’U'* in which the two barrels arc 
separated hy the float chamber whi»se center is approximalely <»n a line be* 
tween the centers <»f the barrels, the *‘V*' with the fltmt chamber divided, 
part being iu frimt and part in the re^ar of the two barrels which are side 
by side, and the ‘‘L.** or inverted tyjic, w'lth the float chamber in the rear, 
in which the air and mixture fl<»vv arc downward through the carburetor. 

The model NA-l)5 (sec h'ig. I3() (.’) has a hack suction type of mixture 
control and an adjustable air blew! icilc. The NA-71>5 is a special dirigible 
carburetor whose outstanding feature is an oversize float to w ilhstand large 
pressure heads. It ha.s the back snclion type of mixture control and lever 
idle adjustment. 

The "‘U’* scries, of which the N.A-LJ5 and NA-U6T. as shown in Fig. 
131 A and B. arc tytncal. includes the NA-U5. KA-Ub, NA-U6A and NA- 
U6T. The NA-U5 and NA-U6T have the back suction type of mixture 
control and lever type idle adjustment The NA«U6 has the air port type 
of control and variable air bleed lype of idle adjusinicnt. The NA-U6A 
is in general the .same as the NA‘U6 except that it einhodies an automatic 
mixture control of the back suction type operated by an aneroid. 

A few special models of the NA-U67 called the NA-UT3 have been built. 
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They are the same as the NA-U6T except that the barrel is inch larger 
or 2^6 inches in liiameter. 

The "Y" model (see Fig. 131 D) is designed to be used where space, and 
especially width, is limited and still retain the advantages of the “U** type 
carburetor as regards fli»at chamber action. The float chamber is divided, 
part being in front and part in rear and each section has a small float. The 



Fig. 131.—Illustration Showing Various Types of Stromberg Double Carburetors for 

Aircraft Engines. 

Ooats. liowevcr, arc rigidly connected together so that their action Is that 
of a single unit. The float chamber howls are connected at the bottom by 
a small tube. The model NA-Y5 has a back suction type of mixture control 
and a lever type idle adjustment. The NA-Y5A is the same as the NA-YS 
except that the mixture control is more powerful. The N.A-Y6 and NA-Y7 
are reproductions of the N A*Y5 in larger sizes. The NA-Y5, NA-YSA and 
NA-Y6 have throttle shafts running from front to rear and geared together 
while the NA-y7 has a single throttle shaft running from side to side. 

The “L/* or inverted tyi>e, built only in the two-inch size, differs in con¬ 
struction from all other models. (See Fig. 131 C.) Special adaptations of 
wells, idle tubes, discharge nozzles, etc., have been rec|titred. The float 
chamber is in the rear of the two barrels which are side hy side. The car- 
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burclors provitie a inotmtin}* pa<l on tbc Hoal chamber for a mixture control 
valve which operates on the back suction principle. Where two carburetors 
are used per cn{fine» only one valve is necessary for the two carburetors^ the 
float chambers being balanced on eacli other. The idle is of the adjustable 
air bleed tyi)e. 

gUKSTIONS FOR RKVIFW 

I What arc the m|Uirfna*iils for n firuiK iiiivturr' 

J What b the cflccl of valve mcrl.i|) on mixturer 

3. What causcb a **l)hiwliack** ni car I hi re lor*' 

4. flow (hws a Venturi luhr work? 

5 . Why 11111^1 (hllercnl carhureh»r> lie umh] oh of different make? 

n. Drsenhe air hired pnriciide u( StroiidierK aircraft raihnrctors 

7 What is the Siroinhcrie aneU-raimj: svsinnr 

ff. What is the inflnriier of various flying niaiivuvcr'* on .SiroinhcrK float action' 
h. What the difference between a "maiir jet and an '‘iilhiij;" jel' 
in l>es(Ti * StroniherK idhu}; jet system. 

]] Mow 1 alliinde nnxliirc eonlnd secured on SlroinhiTu rarhuntors' 

\2. What the difference Ih'Iwccii fits'll rlianiher suction and air [Kirt control' 
l.k Why a * donhic and ln|dc outlets neccssir\' 

14. Why a c fftiat clianthcr ulinos]dicnc vents nM*d* 

l.S. What the difference klwccn a Stromberg NASh and a NAUO? 



CHAPTER XI 


CORRECT SETTING FOR STROMBERG CARBURETORS 
INTAKE MANIFOLDS—AIR HEATERS—FUEL FILTERS 

Determmatipn of Carburetor Setting—Determimnc Venturi Size—DecermininK Mein 
Metering Jet Site—Chenging Accelerating Well Bore—Carburetor Setting#—In* 
atallation of Strofnberg Carburetors—Installing on Engine—Starting Procedure 
—Routine Inspection In Airplane—Complete Inspection and Overhaul—Bench 
Inspection—Construction of Metering Jets—^libration of Metering Jets—Intake 
Manifold Design and Conatruction—Compensating for Various Atmospheric 
Temperatures—The Wright J 5 Air Stove—Inatallation of Pratt and Whitney 
"Wasp" Mixture Heaier^^Utility of Fuel Strainers. 

Determination of Carburetor Setting .—'\'Uv tlftcniiinaliun (»f a fully c<»r- 
recf carburclor and Kprcificatuiu involves llic use of both a dyna- 

inomctor setup and an air)*lanf installation. VV^lh the dyuauiometcr it 
should f)e possible to vary the speed and load as desired, and provision 
should be tnatle for obtaining accurate readings of power, fuel consumpliem 
and ni«inifold vacuum. A carburetor selling is never considered as definitely 
I'orrecl until il bas been thoroughly checked by airplane operation. It has 
usually been found lhat any tliserrpaiicy beiween llie dyiiaiuomcler and 
airj>func perb»riuance <»ci*urs at ibe lower s](ccds. Where a (lyiiaiiinnielcr 
I*' not available, a propeller or torque stand can be used as a aub.siitule, 
Init the setting obtained should not Ik* considered as final. 

In obtaining a .selling ami spevificaliou, tbe first step is to determine the 
air capacity iieecssary f<ir maximum ^H>wcr for b»r power desired in case 
less than tuaxinnim is to be used), by selcclion t>f tbe priqK'r size venturi 
tube. Following ibis, the proper .size metering jet should be ascertained. 
1'hc idle adjustment should then lie made at the lowest speeds, after which 
rlie idle intermediate range should be made correct. In excejiticmul cases 
it may be found necessary to change the acceleraling well bore or the main 
jet air bleed from those initially furnished by the facUiry. These changes 
should not be made unless foiin<i to be necessary after the venturi and main 
iel size have been dclerminc<l and fuel consumption reailings obtained over 
ilic whole running range. 

A preliminary estimate of the venturi size may be made as follows: 
With one carburetor feeding three or fewer cylinders, the area of the space 
asviund the discharge jet at the venturi lhr(»al .‘ihould equal the pi.slon dis¬ 
placement in cubic inches of one cylinder timrx the approximate maximum 
revolutions per mimiie divided by li.'l.OOO. With one carburetor feeding four 
••r more cylinders, the area anniiid the fuel discharge jet at tbe venturi 
throat should equal the pistou displacement of all cylinders times (he a))* 
i^roximatc maximum revolutions per minute ditndrd l>y 4W).000. The average, 
main metering jet orifice diamcfcr is alnmt .05 that of the venturi diameter. 
In making the dynamometer setup, the same care should he taken to see 
that the installation is correctly made as fi>r an airplane installation. 

Determining Venturi Size.—^The venturi tul>e should be large enough 
to give the engine full power but there is m» advantage in having it larger 

30S 
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than this. The restricting influence of the venturi tube on the atr passing 
through it may be measured by the suction existing in the manifold just 
above the carburetor with throttle full open. This is the manifold vacuum 
and should !)« carefully distinguished from the carburetor vacuum which 
is the vacuum existing at the thr<)at of the venturi. With four or more 
cylinders pulling, maximum power will iisunity he obtained w'hen the mani- 
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fold vacuum is about inches mercury or 15 inches water; with one car- 
buretor feedinj? three cylinders, the maximum tnanifold suction for maxi¬ 
mum power will he alnmi inch mercury or 11*-^ inches water. In mak¬ 
ing these measurements, it should he Ixinie in mind that closing the throttle 
will greatly increase the manifold suction and a suction gauge, if of the 
**U'* tube type, should he protected against emptying into the tnanifold 
when the throttle is so dosed. While checking the venturi tuhe size, a fuel 
metering jet that is km^wn to be adequately large should be used and the 
best mixture setting obtained with the aliitnde mixture control. 

Determining Main Metering Jet Size.—Experience has shown that 
satisfactory results arc obtained when the engine is tested with the relative 



Pig. 132.->-Typica1 Fuel Consumption Curvet of Stromberg Aircraft Carburetor*. 
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speed.s and loads of propeller load; that is, starling from the contemplated 
normal speed at full load, the torque should be decreased as the square of 
the speed. With an engine of average mechanical cfllcicncy, a uniform 
mixture of fuel and air would give the specific fuel consumption of the 
curve “A," Fig, 132. Actually, advantage is taken of the fact that the mix¬ 
ture furnished at part throttle can l>c much leaner than that required for 
maximum power and curves of fuel consumption as and are ob¬ 
tained. DifFcrent jxiints on the mixture range are controlled by different 
elements (►f the carburetor as shown in Fig. From nl>out half speed 

up. the mixture ]>roiM»rtit>n is conlrolled mainly hy the size of the metcrin;? 
jet and, cd course, by the alliludc mixture c<mtrol. Hchnv half s)H'cd the 
mixture is controlled by the idling air bleed and at extreme idling by the set¬ 
ting of the idling <lischarge jet. accnr<]ing to the amount of its semicircular 
slot which shows al»ove the throttle. On curlier nuxlcls, as previously ex¬ 
plained, the klling discharge jet was set at the Stnunherg factory and the 
idling adjustment accomidished by a taper needle valve working on the 
idling air bleed. On most of the later models, the idling air blcc<l is set hy 
]dugs drilled in different .sizes and the l<»wer idling adjustment accomplished 
by rotating the Idling discharge jet to bring more or less of its semicircular 
opening above the thr<»ttle. 1*o find the pro|K’r size nicleriug jet, reduce 
the jet size until the j>owcr begins to drc»p off with indications of a lean mix¬ 
ture. *riic |>n»per size i.s the next larger one to that winch slK»\ve<l the hrst 
slight drop ill ))ower. When the jwoper jet size is oblaine<l, the engine \vd! 
be fairly .sensitive to the use rif the altitude mixture control, )>egiuning tn 
show lean an<l lose )M>weT with a small motion of the control lever and lhi> 
can be used as a check. 

The throttle or throttles should next be closed to give the minim urn 
idling speed and the i<))mg adjustment made. At this time care should he 
taken that the throttle npciiings are syuehminzed to the extent that tin* 
e.xhausts of the cylinders fed by the different carburetors are of approxi¬ 
mately equal lempcralurc. Care sliouI<l also he taken that there arc un 
leaks in the intake manifoltl system either at tlie flange connections or at 
j>ackcd lelosaqiiiig jomt.s. A fairly rich idling mixture i.s usually desired. 
After the idling a<ljustuicnt is uia<lc, the llir<»ttlc should be opened to give 
an engine sspeed under jiropcller load alMuit UK) revrdulions less than half 
the normal maxnmnii speed. This is just below the imhuI the main dis¬ 
charge jet c<»mcs into act ion ami the mixture is best controlled here by 
change of the idling air bleed, a smaller air bleciler making the mixture 
richer and a larger one leaner. The setting should be such as to give a 
fairly rich mixture a.s this is the speed n.sunlly used in llie field for warm¬ 
ing up the engiue. On the variable air bleed type uf idling adjustment the 
air bleed si/.e is not fixed and tbc action in this range will have to 1)c set 
as a compromise with the action at minimum idling sj»ced. With the nor 
mal type accelerating well nozzle, change in the idling adjustment or idling 
air bleed should not affect the mixture range very far above half engine 
speed. 

W'hcn three or fewer cylinders draw from one carburetor barrel, there 
arc intervals of time tluring which no intake valves arc ojicn, resulting in 
strongly marked pulsations of suction. Under these conditions tlie mixture 
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lends to tie richer at wide open throttle and full speed than when ttic 
ihrotllc is partly close<i as the closed throttle S'unewhat dnnit>ctis the effect 
of the pulsations as transniitte<l to the carlnireinr jets. A mixture curve, 
•herefore, tends to differ from the curve ^iven l»y the same carlnirctor on 
a four cylimlcr enj^^iuc. hi that it grows tierccptihly rich al full ihrolllc, as 
•‘hown in I'lg. Id2. As a means of regulating this ariionnl of richness, the 
Pulsation Control Accelerating well nozzle is used. With this, advantage 
i.s taken of the fact that at wide open throttle the How through the idling 


svstem reverses aiul inslead id fuel g<»ing through the idling nozzle as at 
low speeds, air is drawn hack through the idling air Idcetj and through 
ilie idling nieleriiig jet into the main jet system. Iiv using a rethicetl open¬ 
ing in the piilsiatum eonlrol accelcralmg^ well nozzle, this action id air 
(lowing in the jet is tnade to give a leaner nnstiire than when the air does 
not sii flow, the extent of leanness detHUidnig iijioit the anunint the judsation 
<ontnd noz./.le is reiliicctl in size. 


When the pidsalioti control nozzle is used, a metering jet size to give the 
correct mixtiirc from half sjiecil up to within KKi revolutions of full loud 
^llonld he (letennlneil. At hill load the desired nuMnre slnnild he (ditained 
hy selection *jf llic projjci .•^Ize imlsnlnm con I rid accelerating well nozzle. 
The low s|u*ed hlling adjnsinieiit ainl idling :iir hleed adjnstnient shouhl 
I lien he matle as tlescrlheil jiInivc, A very eoiisiderahlr change in the size 
u\ the idling air hleecl may have siinie slight effect ujion tlic ] nil sat ion 
k ikUtnil iKjzzle si/.e necessary 


Changing Accelerating Well Bore.—It may sometimes isxnr that when 
:i (on.sKlerahiy larger venturi is jdace«l in the earhnretor than that which 
uas .sent from the fucliiry. nml the pTo|K*r tiiaiii metering jet size deter¬ 
mined for full sjiecd, as the speed is decreased four to six hundred revolu- 
M<»ns. the miNlnrc heeomes rich, 'rio'* mav well In* shoun hv the fact that 
the mixhire can he made much leaner hy use <d the altitude mixture 
eonlrol without affceling the engine o]*cralion. 'I'liis is an indication that 
ihc iHJre id the accelerating well is too small and should he enlarged about 
in the same proportion as \>as the venturi area. It will he noted that for 
''tnuinral rea.sous the fuel jiassage in the main discharge system is made 
III two tmris and the ujiiKT hore is the accelerating well hore. Enlarging 
the accelerating well Imre will iienmt the use of a smaller metering jet 
and will bring the upper half cd the s|>eed range more nearly uniform as 
oi mixture. 


In general, decreasing the size of the main air hleed ha.s the same effect 
•IS enlarging the accelerating well hore Iml the action is much less pro- 
'iHUneed and .such large changes are necessary that it is tjretcrahle lo work 
' rth the accelerating well Inire. 

Carburetor Setting.—Below are listed some typical carburetor settings 
(hat have been used on sonic <d tho more ciminion engines. It should he 
miderstood that these are not furnished as the correct settings which are 
;ivcii in the individual engine iustnicti<»n InKiks, However, where the 
orrect setting is Hoi known and it is desired lo make a carburetor installa- 
jon, they may be used as lemj>orary expe<lienls and will pndiahly give 
ulisfactory engine operation. 
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Installation of Stromberg Carburetors.—There are many factors in* 
volve<l in proper carburetor operation in service which cannot he cared for 
in the carl)uretor design alone. A recognition of the requirements regarding' 
tank.s, fuel lines, freezing in the manifolds atmve the carburetors and the 
cfTccl of rapid accelerathm, including catapulting, must he had if the car 
Inirelor installattoti in an airplane is to l)e successful. The tanks and fuel 
lines must be so located that there is no tendency for an air lock to form 
between the tanks an<l the carburetor ami obstruct tbe fuel flow. Eig. 13.1 
shi»ws hiiw a seeiuingly simple installation can contain the factors necessary 
for the f<»nnatioii of an air lock which could prevent the flow of any fuel 
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49 



\H 

cfliUro) 

nozzle 

NA-S4 

WVighi 
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50 
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Bh 

m 

49 
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mm 
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50 

■ l« 


Na ys «nd 

NA-Y5A 
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45 
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49 
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44 
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iM 
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42 

HI 

4Q 

VA 


NA-UbT 

Wnglil T-.1 1 

“ 3<. 

1 

1 

1 

^49“ 

VA 

1 

Thi> IS revised nci* 
ling anil goes with 
•7*-inch well liorr 
.and Nu. 49 klle uii 
Meed. 


from the lank to the carburetor. As is well kn4»\vn, the vaporizing of fuel 
is only accomplished through the taking uj> hy the fuel of a considerable 
quantity of heal. This heat ts taken from the Sjace iminedialely a1x»vf 
the carburetter. Unles.s heat is supplied t<j this sj)ace. the temperature 
drops to a very low value and. besides the interference with vaporization, 
ice will form under certain atmospheric conditions. This ice formation con* 
stitutes a serious danger. The manifolds slunild l« well heated, particularly 
alH>vc the carhuretor and preferably throiigboul their length. Hot water, 
exhaust gas or oil may l>c used for this purjKwe. It is often beneficial, 
especially for winter or cold weather 4»peration and where the inlet mani¬ 
folds of the engine arc of excessive length, to heat the inlet air passing to 
the carburet<»r. 
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Rapid airplane accelerations, with the consequent fuel displacements 
and changes of level, are often greater than that of gravity and this is 
jjarticularly true in the case of catapulting. The carhuretors are so de¬ 
signed that even with these changes of level, fuel will continue to How 
from the metering jets at the instant of acceleration. To continue func¬ 
tioning, however, the fuel supply to the carburetors must continue as 
normally and for this to ?je accomplished the locations of the tanks, fuel 
lines and car1)uret(»r must he so related that, with these conditions exist* 
mg, the natural tendency of flow is to the carburetor and nt»t away from it. 



Pig. 133.«Showing How a Vapor Lock m Fuel Line from a Gravity Tank can Pre* 
vent Plow of Fuel to the Carburetor. The Height of the Fuel Column at the Left 
Juat Balances that of Fuel Column at the Right, Giving Equilibrium Without Plow. 

Installing on Engine.—Before mounting the carburetor on the engine, 
it should he thoroughly checked to see that all screws, plugs, bolts, etc,, 
are “safetied"’ with lock wa.shers, cotter keys or safety wire. Make 
reriain that the proper manifold flange gaskets are in place, A typical 
installation is shown at Fig. 134, which shows the rear view of a Wright 
Whirlwind engine. This view also shows the mixture distribution and 
manifolding system, and incorporation of oil cooler with lower manifold. 

The throttle discs should l)c exantined closely to sec that they fit se¬ 
curely in the Ixirrels and if there is more than one disc to a carburetor a 
careful check should be made to sec that they are perfectly synchronized. 
I'hc action of the engine at minimum sj»ecds depends to a large extent 
ni)on the synchronization of the throttles. The discs slumld never be 
hammered as this obviates any possibility of securing a fit. The flanges 
should be pulled tightly together. If more than one carburetor is used 
per engine, the throttles of the carburetors should he carefully synchro¬ 
nized with each other. This is usually done by a<ljusting the throttles 
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so that they are tn exactly the same relative )>oMtion at extreme closed 
throttle, making certain that the throttle stop has not interfered with the 
seating of the discs in the t>arrels. For an airplane installatiun the cockpit 
control rods should then Ijc c<ninected to the corresjHmding levers on the 
carlmrctors. After connection these slnmld l>c carefully gone over to see 
that the full limit of trave? is obtained for each lever and that the levc^^ 
move in the pnjpcr direction as indicated in the cockpit. The fuel an<l 
drain lines before 1>ciiig connected to the carluireior should lie fliishc<l 
out to make certain that the fl<nv is free. 



Fig. 134.—Rear View of Wright '‘Whirlwind*’ Engine. Showing Installation of Strom- 
berg Aircraft Carburetor of the Triple Outlet Ponn Attached to Combined Oil Cooler 

and Induction Manifold. 

Starting Procedure.—Before starting the engine for the first time, it 
is better to sol the idling adjustments well toward the **rich** position U* 
make certain that the engine secures sufficient fuel. To start the engine, 
close the throttle and turn ihc propeller in the forward <ir running direc¬ 
tion through three or four complete rcvolntious. Open tlmUtlc slightly 
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ami tn* with hnn<l starting: magTielu nr, if the en^Hiu* is not provided with 
this magneto. •*pull through" l»y hand in the usual manner. If the engine 
tioes not start, close the throttle and turn the propeller again by hand 
through one or two revolutions. Try the hand magneto. The wells in 
(hese carhuret<irs arc of the self«j»rimiug type and there is a posaihility, 
<^spcctally in warm wehlher, of getting the engine in the siwallcd "loaded 
up*' condition. 'I'hcreforc, do not continue to turn the engine forward 
with the throttle closed if it has failed to start but c^pen the throttle and 
turn the engine backward for three or f<mr revolutions. Then close the 
ilirottic In the .starling jMisrllon. turn fcirwanl once or twice and try. If 
.nt any time, it Is ilesired mit to use the self-i>riining action of the car- 
fiiin*tor, this can be <loue by <»pening the throttle about a third of its total 
niovcineiit. h'or starling with an electric .starter, the lltrotllc should be 
(lnse<l until the starter lias turned the engine over through three or four 
revolutions, then \M»rk tliroitlc by alternately (»t>eui«g to about tnid po.si- 
(loii am! closing, untd engine .starts. 

After the enuine has started, it .shouhl be allowed li» become completely 
‘warmed up." If this is not «lonc. any adjustineuts ina<le will be useless. 
When the engine is lhor*nighly vvanii the minimum speed operatiun 
«^hnuld be made satisfactory This is done by means of the idling adjust¬ 
ments and the throttle stop screws which regulate the minimum throttle 
Mjieiiiug. It will g(*nerally be found that the best <»tH'r!itiim is obtained 
iMth an felling mixture amply rich. Care .should be tak<ui tboiigh to see 
I lint it is not loo rich so that the engine **lojies'* or "loa<ls up*' w'beii idled 
fnr a long period of time. A gornl iiidicatimi of a Unt rich idling ml.xturc 
K the oi)eralion of the cyliiwlers on an eight stroke cycle; that is. they 
will ftre only once for every two openings of the exhaust valve. 1'he ne.xt 
'•lep is l<» try the engine operation over the whole range by gradually 
Mpening the thri»tlle so that the engine speecl increases by increments <if 
about 100 r.jj.m. On carbiiretc»rs with au a<ljustablc air bleed idle, it may 
'ninetimes be biumi that there Is a slight "(lal siMit" at around 700-900 
rji.m. 'rhis can usually be rcniedicil by use of the idling adjustments. 
If this is ilone, the engine shouUI l»c immediately brought back to idlmg 
siieed to see that the ojieratiim here is still satisfacti»ry. The acceleration 
should then lie tried by rajiUlly ojKUUUg the throttle fmm difTereiit ctigme 
^jiceds over the range from extreme idling to 600 or 700 r.p.m. Test 
I lie o|K*r:uioii of the ml.xture control by ojjeuing the throttle and allowing 
ific engnne to coifie to full .s|>eed ami then moung' the iMutrol slowly in 
the "lean" direction. If the engine stiecd is greatly re<luced, the control 
IS functioning iirojicrly. 

Routine Inspection in Airplane.—The carburetor .strainer should be 
IIIS)reeled after every flight to .see that it is not cUigge*! at any jilacc and 
to clean out the ncruiuulaterl foreign matter. In addition, a regular in* 
^pection shouhl be made of the feed and drain lines to see that they have 
a free flow, 'riie controls .shouhl 1>e thonnighly checked to see that they 
do not stick ami that there is no lost motion. 'I'lie carburetor should be 
examined, making ceriaiti that all safety wires, cotter keys. etc., are in place 
ami that no parts have become loose. Then **run up" the engine as given 
under ".Starting," 
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Complete Inspection and Overhaul.—This should be done in any case 
where the exact condition of the carburetor is ii<»t known, where the car« 
buretor has been in service for a long )>eriod of time or where the carbure¬ 
tor action is known to l>e bad. The carburetor should be completely 
disassembled, removing all |>arts inchuling the float mechanism, but e.x- 
cepling the throttle valves whose condition can he observed in place. 
Also the idle discharge jets, on carburetors which have the air bleed idle 
adjustment, siioii]<l m»l be disturbed because of the accuracy of adjustment 
re<|uircd in replacement. If. however, these idle discharge jets have been 
accidentally displaced the correct setting will he approximated when one- 
fourth of the half moot! oj)cning shows above the throttle valve (on mani¬ 
fold side), when same is entirely closed. 

It will be found that tapping the brass pings lightly with a soft wooil 
or hor.sehide mullet will aid greatly in their removal from the niuniimuii 
body. Care slumid be taken that the CArburetor is not injured. Wash 
the carburet(»r body nnd ^Nirts in gasoline or its e<iuivalriit. using an air 
hose to blow through the pussa^'cs and clean the <illTerent tiarls. Then 
examine aH jiassages t(» see that they are clean. H'o do this the carburetor 
nniKt be held to a goo<l light or a flash light nKe<l. A gcfod nic(hi»d of 
making thi.s csaminalion which insures that no passages will be over¬ 
looked i.s to folh»w the flow of the fuel from the float chamber through 
the drilled holes, metering jets, wells and well tubes it* both the main 
and idling discharges. Check the air Meed t)assnges to sec that they are 
clean. Check the nieicring jet and air bleed ping slates against the sizes 
marked on the ahimiuiun setting )i)ate. See that the idling adjustments 
are c<»rroclly in ])lace and that the thridlle valves fit snngly in the barreb 
and arc well syiuhri»nized. 'Phe later double iniKleks with parallel throttle 
shafts geared t(»geth(T have a means of adjustment b* obtain accurate 
synchriinizati<in. One of the pair of gear sectors is not pinned to the shaft, 
but is clantpe<l by means of a bolt and nut. Luc»seiiing tins tint will allovv* 
the gear sector to W turned on the shaft and an adjusUneiit secured. This 
adju.stment .should 1)e carefully made, using a thin tissue paper of not 
over .003-inch thickness to check the fit between the throttle valve anti 
the barrel. Move the float up and down to sec that its mtwement is en¬ 
tirely free. Check the movement and contlitioii of the mixture control 
valve. Thoroughly examine and check all the parts for wear or irregu¬ 
larities. kei)lacc by new parts where necessary. Reassemble the lower 
half of the carburetor, using the instruction sheets furnished for the in¬ 
dividual model. 

Before in.stalling the needle valve and seat, they should 1>c checked for 
leakage by holding the needle ]K)int upsvard with the seat in place and 
filling the small space above the needle with gasoline. If leakage is evi¬ 
dent. the needle valve should l>e lap)>ed in with crocus ])Owder. If a good 
seat is not obtained after lapping, a new needle valve and seat should be 
used. It has been found in service that brass plugs screwed into aluminum 
have a tendency to stick or hold if they have been in place for a long period 
of time. This trtuil)le can l>c obviated by the application of a thin coating 
of graphite oil paste to the threads of the plugs or other parts l>efore 
screwing into place. The paste is made by mixing iM)wdcrcd graphite and 
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castor oil together to give a compound with a consistency such that it 
will just flow. Only a thin coating should be applie<] un<l care must he 
taken t<» avoid f<»rcing any of the mixture into the carlnirctor. 

Checking Float Level.—After assembling the hiwcr half of the car- 
hnretor, the float level shemid 1>e chocked and this is d<inc most easily by 
holding the lower half rigidly in a level ixisition with a vise or other 
means, admitting fuel under a four or five bH»t gravity head through the 
regular inlet connection and measuring the distance from the level in 
die float chamber to the iKirling surface. ‘Hiis measurement can be made 
(ithcr by means of a scale between the surfaces directly or by use of a 
glass tube or gauge glass connccte<l to the float chamber. The use of a 
gauge glass i.s the preferred nietht^d. particularly where a tiutnber <if car¬ 
buretors are to be chcckc<l. Jn case of an incorrect fuel level, atijnstment 
should be made by changing the thickness of gaskets umler the float 
needle seat. If the float nee<lle is between the fl<mt and the pivot, increas- 
jug the gasket thickness will raise the level and vicc-versa. If, however, 
the jdvol is lietween the float and the nee<llc. the action is reversed and 
iiicTcasiiig the gasket thickness will lower the level. The amount of 
change varic.s with difTcrent lengths of (lc»at br^ickets but a change of 
null in gasket thickness will change the level approximately inch, 
lircat care should lie e.xercised in removing and replacing the needle seat, 
(mill to sec that the gaskets are tuU misplaced or ]i»sl mid that the needle 
>alve scat is screwed tightly in place. A broad screw tlriver is rccpiired 
fnr this ojicration. After the correct level has been obtained, the car- 
liurclor shouhl be allowed tn stand with the fuel line connected for twenty 
I'V thirty minutes and the fuel level measured again. Thi.s is a check for 
;i "creeping level.'' Jf the level has risen, drain the carlmretor, remove 
the needle valve and seat and follow the jirocedure given for a leaky valve. 
Reassemble the complete car1nireti>r, taking care to see that all gaskets 
are in jdacc and that all loose parts are “safetied.** 

Bench Inspection.—When a carlmretor is being changed from one 
ciignir to another or in any case where the condition is known to be good 
roul it is desired merely to make a simple inspection to obtain that factor 
of safety necessary in all aircraft work, the following procedure should be 
gi»iio ihrough: 'J'he carburel(»r halve.s should lie scjiaratecl by parting at 
iliv joining surface. AH plugs, screws, etc., at the ends of fuel passages 
should he removed. All fuel passages should then he examined as given in 
detail above under “Complete Inspection and Overhaul.'* Check the setting 
against that marked on the setting plate. See that the throttle valves flt 
the barrels and that the float movement is free, Test the mixture control 
valve for proper assembly and movement. Examine all moving parts for 
wear or irregularities^. Clean any dirty parts and then reassemble the car¬ 
buretor. taking the necessary precaution.^ to see that ail gaskets are in place 
and all loose parts “safetied.** 

Construction of Metering Jets.—The construction of the Strom berg 
metering jet (Fig. 135 A), combines the advantage of extreme accuracy 
»ncl the ability to withstand undamaged the injuries incidental to hard 
ervice. The metering orifice proper is of the so-called "thiu-platc” type 
^vhich has the smallest variation of discharge coeflicient with temperature 
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and viscf»siiy changes of any lyix: known. On account of the short length 
of orifice, it can he made very accurate ihruuglunu this length, and the 
approache.^ to the orifice can he made sin<M»th and uniform. 'I'hc location 
of the metering orifice in ihc middle of the IkicJv protects it fnun all injur¬ 
ies from tools. Its h»fin and si/c are sucli ihal in Ihc design of a carlmrctor 
it can he worked into ati aeeessihle loenlion. For removal <*r rejilaceincnt 
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Pig. 13S.-~Typical Arrangement for Testing Metering Jet Capacity Under Condition 
of Submeraion, haa a Normal Carburetor Operation. Note Abaenee of Horizontal 

Paaaagea where Air Bubbles Might Gather. 
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it requires no special tools, being screwed in and out of place with an 
ordinary screw driver. It is recommended that wire or other metal aids 
never be used in removing a metering jet from a carburetor as even soft 
wire will damage the metering orifice. A round stick of soft wood with 
a gradual t<’iper and small diameter less than the diameter of the orifice 
will be found very good fi»r this. 

TABLE OF THREAD STANDARDS USED IN STROMBERG 

AIKCHAFT CARHURKTORS 

U. S. Sltfiidard Thrvud Form 


No. 842 

5i'-20 

fi'*24 

ir.24 

No. 10-24 


iV'’-24 

Va'-ZO 


>4*42 

/r-24 

W-2^ 


A'-)« 

^•-24 



A-.24 

H''-24 



Calibration of Metering Jets.^The metering jets are lutinhered ac* 
cording to the Twist Drill anri Wire (intigc Standard. 1*hcy are first 
drilled underside with a .special drill which is $o consinicled hs Ut leave as 
little burr us pos.i^ible at the edges of the orifice and then carefully reamed 
with a reamer .OOO.S-inch iiiulersiac. The calibration is made, however. 
Hi) the hnsis of the fiovv capacity under standard c<»n<litions and not on the 
dianieter <if the metering orifice. The table that follows gives the stamlnrd 
iluw data for these metering jets. These data are for a constant head of 
51) centimeters and at normal nxmi temperature. 'I’hey apply with either 
aviation gas<»finc or water as a medium. 'Phesc resuft.s were obtained 
with a meter of the general con.‘<lrnction illustrated in Fig. 13.^. and 
It i.s believed that the jets can Ik* checkcti on any similar instrument. As 
sliown. the jets arc flowed completely submerged and it has been found 
(hat satisfactory results can only lie <ibtained when the receiving basin 
IS of .sufficient size sc* that the surface of liquid in the basin is not dis- 
lurlK'd by the jet flow. 'I'lie design of a flow calibration meter should ))c 
such that it is iiii|)ossihlc for nir |K»ckcts or Inilddes to fi^rm in any iiart. 

Intake Manifold Design and Construction.—On four- and six-cylinder 
engines and in fact on all mulhiile*cylinder forms, it is important that 
the piping leading from the carburetor to the cylinders lie made In such 
a way that the various cylinders will receive their full quota of gas and 
iliat each cylinder will receive its charge at alniut the .same point in the 
cycle of operations. In order to make the passages direct the bends .sh<iuld 
be as few as po.ssiblc, ami when curves are necessary they should be of 
large radius because an abrnt>t corner will not only impede gas flow but 
will tend to promote condensation of the fuel. Every precaution should 
be taken with four- and six-cylinder engines to insure equitable gas dis¬ 
tribution to the valve chambers if regular action of the powerplant is 
desired, if the gas pipe has many tunis and angles it will be difficult 
to charge all cylin<lcrs properly, On some six-cylinder aviation engines, 
two carburetors are used because of trouble experienced with manifolds 
designed for one carbiircb»r. Duplex carburetors are necessary to secure 
the best results from eight- and twelve-cylinder Vcc engines, and in a 
twelve^cy Under the best results are obtained by using two duplex carbu- 



Front Oup^ei 
Zenlih Cftrbureto* 



Fif. 136,~How Zenith Carburetor is Mounted on Liberty Engine Between Cylinder Banka Shown at D. S^Carburetor and Induction 

Manifold of Liberty Airplane Motor Removed from Cylinder. 
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retors installed as shown at Fig. 136. The carburetor location is inside the 
Vee» the manifold and carburetors removed from the Vee between the cyl' 
inders which they nearly fiW is shown at P'ig. 136 E. Carburetor location de¬ 
pends upon the engine design as shown at Fig. 137, which shows three types 
of Packard engines. In the conventional Vee form, the carburetor and mani¬ 
fold assembly is carried in the Vec. In the inverted \'ec form, the mani¬ 
fold and carburetors are carried l>eluw the engine cylinders. In the 24- 
cylinder X engine, the methods used in each of the oiher tyi>es arc useil. 
one for the cylinders alH»ve thv center line and the other fi»r the inverted 
cylinders below it. 



600 HP 
Packard 
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Cf/mdtrt 


*Proptft9r 

0nv9 Shpff 
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CyOn^or X 
fypt 


Ki^. 137.—Packard Water-Cooled Aviation Engines Showing Method of Carburetor 

Mounting. 

1'he problem of intake ]>ipiiig is simplified to some extent on block 
motors ivhere the intake ]>assage is cored in the cylinder casting and 
where but one short pipe is needed to join this passage to the carburetor. 
If the cylinders arc cast in pair’s a simple pipe of T or Y form can be 
used with success. When the engine is of a type using individual cylinder 
castings, especially m the six-cylinder powerplants. the proper application 
and installation of suitable piping is a difficult problem. In some of the' 
twelve-cylinder Vee engines designed abroad the carburetors are carried 
outside the crankcase, as shown at Fig. 138 which shi»w.s the transverse 
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section of the Lorraine Vee engine. Duplex carburetors are carried each 
side of the crankcase, to which they are securely attached. Long mixture 
pipes extend to manifolds attached to the inner side of the cylinders, each 
manifold feeding three cylinders. In radial cylinder engines, as shown 
at Fig. I3Q. the pmlilcm is easily solved by coring a mixture distribution 
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passage in the crankcase to which the carburetor is bolted and having 
pipes extend from this distribution chamber to each cylinder. The reader 
is referred to the various engine designs outlined to ascertain how the inlet 
piping has been arranged on representative aviation engines. 

Intake piping is constructed in two ways, the most common method 
being to cast the manifold of aluminum. The other method, which is more 



Fig. 13B.~Traniverte Sectional View of the Lorraine “Vee** Engine Showing Use of 
Carburetore Mounted Outaide of the Engine Bate, Supplying Mixture Through Long 

fndaction Pipe*. 
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costly, is to use a butlt*iip coustruction of very thin wall copper, brass or 
Dural tubing with cast metal elbows and Y pieces. One of the disad¬ 
vantages advanced against the cast manifold is that blowholes may exist 
which produce imperfect castings and which will cause mixture troubles 
because the entering gas from the carburetor, which may be of proper 
proiM)rtions. is diluted by the excess air which may teak in through the 
porous casting. Another factor o( some numtent is that the roughness 
of the cast walls has a certain amount of friction which tends to reduce 



Fig. 139.^Anti-Propeller End of Le Blond Five-Cylinder Static Radial Engine Show¬ 
ing Installation of Ignition Magnetos and Zenith Aircraft Carburetor. 

the velocity of the gases. an<l when projecting pieces are present, such 
as core wire or other ikmuIs of metal, these lend to collect the drops of 
liquid fuel and thus protiuue condensation. 'I'he advantage of the built-up 
construction is that the walls of the tubing are very smooth, and as the 
castings are small it is not difficult to clean them out thoroughly before 
they arc incortH»ratcd in tltc inanibdd. The tubing and castings are joined 
together by hard soldering, brazing or autogenous wcldiug. 



TAni.K OV TWtST imiTJ. SfZICS 


32.^ 


CompeOMting for Various Atmospheric Temperatures.—The low*grade 
gasoline used at the present time makes it necessary to use vaporizers that 
are more susceptible to atmospheric variations than when higher grade and 
more volatile liquids are vaporized. Sudden lemjieraturc changes, some- 
times being as much as 40 degrees rise or fall in twelve hours, affect the 
mixture proportions to some extent, and not only changes in temperature 
but variations in altitude also have a bearing on mixture proportions by 
affecting both gasoline and air. As the temperature falls the .specific grav- 


TAIM.E OF TWIST DKIM. ANO STF.KI. WIRK GAUGE Sl^'KS AND AKKAS, 
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ity of the gasoline increases and it becomes heavier, this producing difficulty 
in vaporiaing. The tendency of very col<l air is to condense gasoline in¬ 
stead of vaporizing it and therefore it is necessary to supply heated air to 
some carburetors to obtain proper mixtures during cold weather In order 
that the gas mixtures will ignite ])roj)crly the fuel must be vaporized and 
thoroughly mixed with the entering air either l>y heat or high velocity of 
the gases. The application of air stoves to the Curtiss 0X2 motor is clearly 
shown at Fig. 113. It will be seen that flexible metal pipes are used to con¬ 
vey the heated air to the air intakes of the duplex Zenith carburetor mixing 
chamber. 

The Wright J 5 Air Stove.—The problem c»f carlmrelion on the Wright 
Whirlwind engine is intimaloly c<»nnerte<l with the (jiiality of fuel used, 
With the best grades of aviation gasidine no dilhenity is exjjerienred with 
the sm<inihiie-ss or acceleration of the Whirlwind engine at any speed and 
it is possible to run on extremely lean mixtures. With the poorer grades 
of aviation gasoline a hesitation in aeicleraticm is noticeable and rough 
niiining is obtained iisnnlly between 1.400 and 1.600 r.p.m. on a propeller 
which turns 1.800 r.p.m. at full throttle. In col<l weather this condition 
becomes worse and can l)e only partially preventetl by the use of rich 
mixtures. The jiresence of ice in the carburetor is another source of an¬ 
noyance and even danger lo the pilot. When the humidity is high, even 
in hot weather, the evaporation <jf gasoline drops the leinperatiirc of the 
mixture below the freezing point and the moisliire contained in the air 
condenses on the manibdd walls an<l freeze.s. This ice gradually builds 
up and chokes off the manifold passage, eventually stopi>ing the engine. 

To eliminate the operating difliculties mentioned above a carburetor 
air heater has lieeu dcvelojjcd. This beater consist.s of an almninum cast¬ 
ing, as shown at Fig. 140. which Kdls directly lo ihc carburelor flange. 
lncoq>oralcd in the casting is a passage for exhaust gas which runs hori¬ 
zontally at right angles t<» the engine crankshaft. This passage is flnned 
on both the inside and outside t<i obtain the maximum heat tran.sfcr from 
ihe exhaust gas to the intake air. Alnive the heating clement a valve is 
fitted which when open will shut off the air j)assing the heating element 
and open a port admitting unheated air to the carburetor. The exhaust 
from cylinders Nos. 5 and 6 is brought together in a double elbow with a 
pipe to discharge the exhaust gas Into a maiiifuld or into the slipstream as 
desired. The exhaust couneciious to the heater are made with elbows of 
steel tubing welde*! lo the exhaust flanges. The elbows are so designed 
that a straight piece of flexible metal tubing can be clam))ed between the 
elbow on the carburetor air heater and the elbow on the exhaust jHirt. The 
flexible tubing is secured on the ends with hose clamps which bind it tightly 
to the steel elbow. 

The bypass valve in the heater is designed to close at ])art throttle so 
that the maximum amount of heat is utilized up to the full throttle posi¬ 
tion. At full throttle the valve is opened and the carburetor operates with 
no heat; thus the maximum p<»wer of the engine is unaffected by the use 
of the heater. 1'hc effect of heat at part throttle is to reduce the volu¬ 
metric efficiency and thus slightly reduce the power for any given throttle 
position. This has exactly the same effect as a slightly smaller opening of 
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the throttle valve except that the heat supi^lictl vaiJonzes the incoming fuel 
and causes better distrilnuiou to alt cylinders: thus the elTect of the heater 
is to slightly imjmive the fuel consiiin])tiun due Ut better distribution. 
The power of the engine is not affected as the thndtlc can be set to a 
slightly greater ojiening to ctuiiiiensaie for the loss of v<»luiiK*tric elhciency. 
'fhe weight of the heater aiul ]>i)>iiig is seven jKJumls. This includes the 
elbows an<l flexible tubing, some of which would be du|>hcaic<l if exhaust 



Fig. UO.^How Wright Carburetor Air Intake Heater U Installed by Using Two Bx» 
haust Elbows Shown at A. Side View d Air Intake Heater Showing Cast Aluminum 
Pins Inside and Outside the Passage for the Hot Exhaust Gas. 

luawifolds were fittc<l. Giusulcriug the greatly inipro\<*<l pcrformaJice and 
reliability of the Whirlwind engine due to the use of this lualer. the added 
weight is considered insignifirant. This healer now furnished as stand- 
e<|ui]uncnl on all J 5 Whirlwind engines but cannot be adapted to the 
J 4B or earlier tyj>es of Whirlwinds due to a change in carburetor model. 

Installation of P and W Wasp Mixture Heater.— I'lie need of air 
'Stoves is now generally recognized by nearly all huihlers of radial engines 
a useftil adjunct. The Pratt ami Whitney Aircraft Com}muy .state in 
ibeir instruction manual that salisfacUiry ‘*Wasp** engine i^crformancc in 
Cold weather requires a mixture heater, and this device is furnished with 
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each Wasp engine. The heater is located between the carburetor and 
the rear section <»( the crankcase, and consists of an exhaust heated section 
of the intake system. Any fuel which may leave the carburetor in a liquid 
state is vaporiaed by the healer before entering the sui>crchargcr. It has 
been found that the application of heat is much more effective at this point 
than hclorc the air enters the carburetor. Cold weather operation with¬ 
out the heater will cause rough running due to poor distribution. Raw 
fuel is fed to certain cylinders, causing them to run rich, while other 
cylinders will run Uh» lean. Continued operation under these conditions 
will result in high fuel consutnplion and juston failures. The use of the 
hot spot mixture heater slmrlcns the warming-up pcritKl, makes the engine 
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Pig. 141 A.»Heater Installation with Eihauat Collecting Ring of Pratt & Whitney 

'*Wasp" Engine*. 

run smoothly, and lowers the fuel consuniptiim consi<lerably. Another 
important advantage is the elimination of cutting ont after a long glide. 
Sufficient heat i.« stored in the heater to vajHirixc the fuel immediately 
when the throttle is opened. The oi>eration of the healer is automatic 
and requires no attention fnmi the iiilot. A seas<mal c<mtrol valve may 
be fitted, to reduce the heat supply in warm weather, but it is not neces¬ 
sary to have this controlled iroin the pilot's scat. 

The heater is provided with an asbestos inner covering and an aluminum 
outside jacket. Uracc.s are furnished to stea<ly the carlniret<jr. The piping 
to conduct exhaust gases into the heater depends ullugether on the indi¬ 
vidual installation, and is supplied by the airplane builder. Drawings of 
typical installations are shown at Figs. 141 A and 141 B. With cither 
individual exhaust stacks or a complete collector ring, the piping should 
be arranged so that the heater does not form the sole outlet for any exhaust 
port, and if u control valve is provided it may be put in the pipe which feeds 
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the heater. This will allow the exhaust to he shut off from the heater, 
causing it to take ihc alternative means of escape. More detailed informa¬ 
tion regarding the use and iii.stallalinn of the hot Kt>ot heater may be had by 
addressing the Engineering Service Department, Pratt and Whitney Air¬ 
craft Co. 

Utility of Fuel Strainers.—Many carburetors include a filtering screen 
at the point where the liciuid cnter.s the float chamber in order to keep 
din or any other foreign matter which may be present in the fuel from 
entering the float chamber. This is now general practice at this lime 
and the majority of vaitorizer.s do include a filter in their construction, 
li Is very desirable that the dirt should bo kcjit out of the carburetor 
becau.se it may gtl nndor ihv float ciinlml fuel valve aiul can^e flooding 
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Fig, MtB.—Carburetor Air Heater Initallation on Engine with Individual 

Eshauat Pipe*. 

by keeping it raised from its scat. If it finds its way into the sjiray nozzle 
it may block the opening so that no gasoline will issue or may so constrict 
the passage that onlv very small <)uantitics of fuel will l>e supplied the 
mixture. Where the carburetor itself is not provided with a filtering 
screen a simple filter is usually installed in the pijie line between the 
gasoline tank and the float chamber and these strainers have been made 
in wide variety. Some simple fi»rms «if filters and sejiarators are shown 
at Fig. 142. That at A consists of a simple brass casting having a readily 
detachable gauze screen and a settling chamber of sufficient capacity to 
allow the foreign matter to settle to the l»ottom. from which it is drained 
out by a pet cock. Any water <»r dirt in the ga.sjdinc will settle to the 
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lK)ttom of the chamber, and as all fuel deHvered to the carburetor must 
pass throujjh the wire ^auze screen it is not likely lo contain impurities 
when it reaches the l^oat chamber. The heavier particles, such as scale 
from the lank or dirt and even water, all of which have greater weight 
than the gasoline, will sink to the lM»ttum of the chainl>er. whereas light 
particles, such as lint, will bo jircventcd from flenving into the carburetor 
by the filtering screen. The filtering device shown at FI is a larger ap¬ 
pliance than that shown at A. and should be tin ire efiicient as a separator 
because the gas<ilinc is forced to pass through three filtering screens he 
fore it reaches the carlmreior. 'Ilic gasoline enters the tlcvice shown at 



Plf. 142.—Types of Strainers Interposed Between Vaporiser and Gaaolme Tank to 

Prevent Water or Dirt Passing into Carburetor. 


C through a bent pi]>e which leads directly to the settling chainKT and 
from thence thr<nigh a wire gan/.e screen to the upper c<iini>artinenl which 
leads to the carburetor. The device shown at D is a combination strainer, 
drain, and scdiinenl cup. The filtering screen is held in place by a spring 
and both arc removed by taking out a plug at the iHJtlom of the device. 
The shut-off valve at the top of the device is intenwsed between the sedi¬ 
ment cup and the carburetor. This separating device is incorporated with 
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the gasoline lank ami forms an intc^al part of the gasoline supply system. 
The other types shown are designed to i>c inleriH>scd between the gasoline 
tank and the carburetor at any jHunt in the pipe line where they may be 
conveniently placed. 


QUESTIONS POR REVIEW 

1. What arc the rules* Utr rlctemnniii^ Strnmliettf carl>urel<»r srttmgji? 

2. Ilow Venturi lube ^izt* dcternuiiecr'' 

3. Hrsw is* main nictrnn^ jet s*i7e ftaind? 

4. When Ih It nccesisary to ciiamjv acrrbTatintf well b<ire' 

5. fjivc rule^ lor succcKshif carlnir(’l(*r niMallaiion. 

6. What is iiomial engine starting imK-c^hirr' 

7. Outliite routine carburetter iuHtn'Cimn in arrnbne. 
a. How is inelcrmg )vl capacity bench levied' 

0. Name some i»rccaulions to be fibserved in inlet maniN*lil ct'ii^tnictmn. 
10. What is the value ol an air stove; oi a fuel filtering device? 
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AIRCRAFT ENGINE SUPERCHARGERS-^DIESEL ENGINES 

Why High Altitode Affects Power Output—Airplane Engine Superchargers—Roots 
Type Compressor—Fsrman Supercharged Engtne^Presture or Suction Super* 
chargings Air Corps Supercharger Development—Bfhciency ^ Centrifugal Super¬ 
charger ^Blowers for Charge Distribution—Superchargers Aid Scavenging- 
Practical Value of Superchargers—Automotive Diesel Engines—Peugeot-Junkers 
Type Diesel Engine—Fuel Injection a Problem—Sperry Oil Engine for Aircraft. 

Any inteniai-cotnInistHui cti^inc will shi»\v Icns iwivver al hifjh alHtudca 
than it ‘will ilcMvcr at sea level. an<l this has caused a ^reut dual of 
c[uesti<»ujnR. 'riu rc Is a reason fi»r this and it is a ijhysical impos- 

sibility for the cn^finc to ilo otherwise. The ditTerciicc is due tri the U*wcr 
atmospheric jircsstirc tlie higher up wc utd. 'I'hal is, al sea level the 
atmosphere has a pressure i)f 14.7 |HUinds per st|urirc inch; at 5,fKX) feel 
above sea level the pressure is approxiTnaiely li.K^ pounds per stpiarc inch, 
and at 10.000 feet it is ten ]»ouiuls per stpiare inch. this it will he 

seen that the final pressure attained after the plstim has driven the rks 
into compressed cotidilion ready fur rirint; is lower as the atmospherie 
jircssiirc drops. This means that there is not so much power in the com* 
pressed chartfc of the hif^dicr up you jjet al«»vc sea level. 

Why High Altitude Ailects Power Output.— ]u»r eNariit>lc» sii])j>o.sr 
the compre.ssimi rulif» to he 4yi to 1 ; in other words. suj'po>e the air space 
above the jiiston to have A'A times the volume when the ]n>toii is at the 
bottom of its sln>ke that it has when the piston is at the top of the stroke. 
That is a toinimm compression ratio for an average iii<»tor, ami is chosen 
because it is considere<l to he the best for maximum horsepower and in 
firdcr that the rmnpres.sion pressure will not Ik* .s<» lii^h us Ut cause pre- 
i^nitkm. Knowing the compression ratio. w*c can determine the final 
])rcssurG immediately before ignition hy suhstituting in the standard 
formula: 



in wdiirh I* is the aliin•spheric pressure; P' is the final pressure^ and \ 

V 

is the compress«»n ratio, therefore I*’■=14.7 (4.5)'■' -KH pounds per 
s<|uare inch. aT)8ohite. 

That is. 1D4 jionnds per sipiare inch is the most cfllcient final compres¬ 
sion pressure to have for this engine at sea level, since it c<nncs directly 
from the compre.ssii»n ratio. 

Now supiKising we consider that the altitude is 7.(KJ0 feet alx)ve sea 
level. At this height the atmospheric pressure is 11.25 pounds per square 
inch, ap|>roxlmatcly. In this case we can again snhstitutc in the formula, 
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using the new atmospheric pressure figure. The ctiuation becomes: 

P‘ = 11.25 (4.5) **• = 79.4 pounds per sfjuare inch, absolute. 

TTiercfore we now have a final compression pressure of only 79.4 pounds 
per square inch, which is considerably l>eU»w the pres.sure we have just 
found to be the most efTiciciit for the motor. The result Ing |>ower drop is 
evident. 

It should be liorne in mind that these final compressi<in pressures are 
absolute iiressures-*-that is, they include the atmospheric pressure. In the 
first case, to get the prcsstire above atmtispheric you woul<l subtract 14.7 
un<t in the latter 11.25 would have to Ik* <leductc<l. lii either words, where 
the sea level couiprcssioii is 89.3 pounds per Mpiare inch alujvc the atmus' 
l>licre. the same motor will have only a conipressum pressure of (i8.15 
jioiinds ]KT stpiare inch aboNc the atnu^splicre at 7.tXX) feet elevation. 

Frtnii the above it is eviclent that in onler t<i bring the final comjircssion 
(ncssure up ti» the efiicieut lijjurc we have <letcrmine<l. a ditVerent com- 
jircssinn ratiti woiihl have to be used. That is, the final volume would have 
hi be les.s. and as it is difhcult to vary this to meet the c«mditioiis of 
aluiiule, the loss of juiwcr cannot be helped except by the replacing of the 
standard pistons with some that are Umger almve the wristtnit so as to 
reduce the space above the pistiuis when on tup center. Then if the ratio 
is thereby raised to soine such figures as five to one, the eiij^iuc will again 
have its firo|jer final pressure, but it will .still not have as much ])ower as it 
wouhl have nt sea level, .since the hor.se|H>wer vanes directly with the 
almospheric ]>rcssurr. fuial eiunpression being kept constant. That is. at 
7,CXX) feel the hor.seiM>vver of an engine that had 40 Inirsepower at sea level 
non Id he equal to 

11.25 

-= M).C} horsepower, 

14.7 

If the original compression ratio of 4.5 were retained, the drop in 
hf^rseiKisvcr would be even greater than this. 'I’hese computations and 
remark.s will make it clear that the designer who contemplates tiuilding 
ail airplane hir high altitude use should see to H that it is of suflicient 
fKiwer to compensate for the drop that is inevitable when it i.s u]) in the 
air. This is often illustrated in stationary gas-engine iiislallations. An 
engine that ha<l a sca-level rating amply suflicient b»r the work required, 
might not he ]H»werfu! eimiigh when brought np .several tlniusaml feel. 
When <iue considers that airplanes that arc m»t supercharged attain heights 
of over 20,000 feet, it will be evident that an ample margin of engine power 
at sea level is necessary to attain such a ceiling without supercharging. 

Gmsiderablc data dealing with the allilude i>erforinance of the imernal- 
combustion engine has Ihkui published, and it is not planned to discuss 
this phase of the problem in this treatise to any extent. It is enough to 
call attention to the fact that, as the power developed in the cylinders of 
the internabcombustion engine is directly pro)>t>rti'mal. other conditions 
being constant, to the weight t>f charge burned in a unit of time, it naturally 
tollows that the |K>tver developed at altitude, for a constant engine speed, 
will decrease approximately in direct proportitm with the decreased air« 
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^lensity; the hrakc, or effective, jKnvcr rlecrcasin^ somewhat more rapidly 
due to tlie fact that certain of the friction losses remain constant. Thus, 
an engine will develop somewhat less than one-half its sea level power 
under altitude conditions of onc-half air-density, or at an altitude alxjiit 
20.CXX) feet because the weight of mixture taken into the cylinders is onlv 
one-haK as great. 

Airplane Engine Superchargers.—An examination of some of the pres¬ 
ent day engines and a review of the descriptive matter preceding wnul<l 
lead one to the o|iirMon tliat. in tlie light current knowledge of materials, 
a further ini]a>rlaiU reduction in the s^Krific weiglit conventional four- 
stnikc-cycle eugines Is har<lly to l>e expected willumt sacribeing durabilil\ 
unless there he .some ra<lii*al change in design not at iJresent cojitem|ilaled. 
Therefore, with due regard fi»r continued improvement along these lines 
and for the (n»s.sil)lc devvlo]inient of engine types that arc radically different 
from (he present accepted standards, it won hi seem that mte of the most 
h>gieal fields for improvement the aircraft engine would he the better 
iiig of it.s alirliule jierformanre. Snperehurgmg means fi*reing Into the 
engine eyliiulers a *inaniiiy of eliarge greater than can be drawn in by the 
mere dis]daecment of the pistons tinder similar comlitimis of speed ami 
atniosjdKTie density. It is a very oM idea winch prcjbahly was suggested 
and tried out even liefure ajipllcation to autmnoliiles made (t desirable to 
get the greatest possible power from inlernal-combnstiou cylintlcrs of given 
ditneusion.s. 

l)urlng the war the itiea of compensating for the natural decrease in 
power output of aircraft cngine.s with luereasc fn altitude suggested It.scH. 
and a great deal rd roeareh work and expcritueulalion was done by all the 
leading belligerents. At an altitude of about 20.(100 feel an ordinary aircraft 
eugiiio develops <m1y alxmt one-half as much ])o\ver as at groutul level. This 
decrease in engine power with increase in altitude limits the maxitmnii 
height that may be attained by the plane, and as in aerial encounters the 
machine w'lneh has the highest ceiling h.as a great advantage over its a<l- 
versary, the importance of suj»crcharging is obvious. Air can be forccti 
into the eyliiulers only by ineaii.s <•( a pump as shown at ]*(g. 14.^ ami <d the 
different types of punij) known—jilung^cr. rotary piston and centrifugal— 
only the latter tw'o have been used oii four-cycle aircraft cugiues so far. 
Two methtids of driving have l>ceii developed. Kateaii in France and Moss 
in this country drive the centrifugal ptnnj) or Mower by means of a turbine 
operated by the exhau.st gjises from the engine, while others, use a direct 
mechanical drive from the engine. The reader should note an exception 
in the Attendu oil engine previously descnl>cd w'hcre the air pump is of 
the piston type driven by an auxiliary shaft. 

Both common mctluKls of supercharger drive involve rather serious 
difficulties. With the exhaust turbine drive the weakening of the impeller 
blades by the high lempcTature to which they arc ex|Hisc<l, combined with 
the high stresses to which they arc subjected by the centrifugal force, calls 
for the most careful selection of material and the most rational proportion¬ 
ing of the blades or vanes. With a turbine drive there is also a back pres¬ 
sure on tlie exhaust, which has a tendency to reduce the engine output, atui 
unless the apparatus is pr<»i)crly designed the net cmtpiit may be decreased 
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instead of being increase<1. The reduced air-density at great altitudes 
offers reduced resistance to high aiqdane speeds; hence the same power 
that will drive a plane at a speed of 120 m.p.h. at sea level will drive it much 
faster at 20,000 feet, and still faster at 30.000 feet attitude. <uid tvith approxi- 
matcly ihc siitne consumption of furl per horsepcnt*er hour, providing the area 
of the aerofoils and pitch of propeller are such as needed in the thinner air. 

Superchargers usually take the fi»rin of a mechanical blower or pump 
and, of course, require a driving gear nf some kind. The types of blowers 
or compressors used to date include the reciprocating. Roots displacement 
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Fig. 143.—>Two Types of Superchargers for Airplane Engines. Arrangement oi 
Roots Blower. B—Application of Turbine Driven Centrifugal Impeller Air Blower. 
The Turbine Utilises the Pressure of Eahaust Gases for Power. Note Location of 

Carburetor Relative to Blowers. 

and centrifugal types. When the Roots type is employed, as shown at 
143 A some form of receiver is ncce.ssary tu equalize the pulsating 
nature of the discharge. This form, when driven by positive gearing, 
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may be timed so its neatest pressure may 1>e c(»incidental with the induc¬ 
tion stroke of the cylinder The reciprocating type of piston pump is only 
suited for slow speed Diesel en^tincs as it is much too heavy for airplane 
service except in the special Attendu application. 

Each tyj>e has its projxmcnts. and it seems that each type has its useful 
sphere. No attempt will l>e made to dehne their limits or merits, as that 
has caused endless discussion. In general, it is believed that the impeller 
type is suitable for low-altitude work lint that it is totally unsuitable for 



Fig. 143C.^-Chart Showing Diminution ol Air Prmure as AlUtude Increms. 


high-alt I tude work unless fitted with some form of variable-speed drive 
which, of course, adds weight and corapUcaiiou and dctrnct-< greatly from 
its attractiveness. I'or higb-allitude supercharging, aii iiiii>cller of reason¬ 
able size needs to l)e driven at extremely higli .si>ec<ls. The precessumal 
forces set up in tlic fan due to rapid maneuvers of fast airplanes would be 
great. The heating of the charge results in a large loss in vohimelric effi¬ 
ciency in the engine and rei|uircs an intercooler one-fourth the size of the 
radiating surface of the ixnvcrjdant. The greatest heating and p<»wer 
absorption take place at sea level, where the sui)crcharger cannot l>e used, 
and the compressed charge must be rc-exj^anded by some wire-tlrawing 
at the throttle at all aUiludes l>elow the critical altitude to avoid excessive 
compression-pre s surcs. 

Roots Type Compressor.—The Roots tyi>e of compressor was a com¬ 
mercial product in 1859, when it was manufactured by the P. H, & P. M, 
Roots Co. of Connersvillc, Ind.. fnim which company it prolably received 
Its name. The Roots blower seems well suited for sui)ercharging and, in 
the form developed by the Naticmal Advis<iry Committee fur Aeronautics, 






RCK)TS TVPK SLHEKCHARGER 

lias been highly satisfactory. This is illustratetj in Fig. 144. Much labora¬ 
tory work and experimental flight testing have been dt>nc and. at present, 
a squadron of new airplanes is being equipped with this type of super¬ 
charger. These superchargers have cast aluminum-alloy $ide<asmg5. 
heavily ribbed to prevent distortion under load, to permit the use of small 
rotor-clearances. The rotors arc hollow magnesium castings, internally 
ribbed, and have sjdincd steel-hubs on the shafts. 'I'hc rotors are carried 
on ball-bearings, primarily to simplify the luhricaticm problem. 



Pig. 144.—Interior of Roots Type Supercharger. The Driving Gears and Shaft of 
the Rotor are Shown at the Right. Note the Mesh of the Rotor and the Contour 
which Differs from that of the Customary Commercial Roots Blower, ss Outlined 

at the l^t of the Illustration. 

The blower is driven thnuigh a flexible coupling al <Mie am! luic-half to 
three times engine-speed, depending upon the critical altitude desired. 
Intake air is <krnwn in through a duct friim outside the fuselage. The dis¬ 
charge is led directly to the carburetor through another duct, which has 
fitted in it at any convenient iK>int a large bypass valve, the efTective area 
of which is equal to the crc^ss-sectional area of the duct. The valve is 
connected cither to an extension of the throttle or to nn indei>eudent lever, 
and constitutes the comjdete control of the supercharger. At sea level, ot 
whenever no supercharging is desired, the valve is lu'hl wide-open and the 
carburetor can get air at atmospheric ])rcssvirc corresponding to the alti¬ 
tude. The supercharger is then running in the **no-load** condition and is 
absorbing one or two horsej>ower to overcome friction and the ^'fanning 
®lTect*’ As the airplane ascends into air of less density, the valve is regu¬ 
lated to provide the de^i^ed degree of supercharging pressure at the carbu¬ 
retor. At any altitude below the critical altitude with the centrifugal com¬ 
pressor, the work done on the air is greater than that done by the Roots 
blower type; hence, the power absorbed and the temperature rise of the 
charge are greater. With a turliine drive, the hot-exhaust collector is very 
objectionable. 

TTie efficiency of the two tyjjes as comprcssi»rs is approximately the 
same. For rotary distribution as with radial cylinder engines the cen¬ 
trifugal blower is ideal. It puls 1>ack into the mixture the heat absorbed 
in valorization of the fuel and. as it is genr-driven. it prevents any increase 
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Pig. US^EHagnun OutHning the Installation of the Parman Eighteen*Cylinder “W** Engine in the Breguet 19 Airplane Fuselage. Note 
the Location of the Rateau Supercharger and Arrangement of Carburetors, so Engine May be Operated with or without Supercharger. 




FARM AN SUrKKCHARGED ENGINE 


337 


in manifold depression at high crank-speeds. This type is used on Pratt 
and Whitney Wasp and Bristol Jiipilcr engines and on the Wright Cy¬ 
clone. To illustrate the a<lvantagc.s to be gained by supercharging, a 
standard Navy shipboard observation-airplane of the UOl type fitted with 
a J4 engine was equipped with a Roots blower and. as a result, its rate of 
climb was increased materially at all altitudes above sea level and its 
service ceiling was e.xactly doubled. 

Farman Supercharged Engine.—*With propeller drive re<luction ratios 
of 2 to 2.2 the natural teinlency is to increase the mimher of revolutions, and 
the opinuni of many Eurojjean engineers Is that for power outputs of 500, 
w ith twelve or 24 cylinders, aircraft engines will run at 3.()(X) r.p.in. One of 
the most outstaiuling engines of this type is the new Fanuan 600-700 horse- 
l)Ower eighteen-cylinder inverted, with cylinders in Alpax metal, now made 
nut only with a geared <iowii prtspeller hut with a Kateau incchnnical super¬ 
charger. 'Khis engine runs at 2M0 rp.in. and weighs 700 pounds and is 
sIkavm installc<l in a Hreguet airplane fuselage at Fig. 145 and the engine 
with supercharger installed is shown at Fig. 145 A. 



Pig. 145A.^The Farman Eighteen-Cylinder 700 Horsepower Inverted Motor with 

Supercharger BuQt Integrally Into the Engine. 


Several French engines arc now shown w'ith the Ratcau mechanical 
su]>ercharger. which appears to have been developed by this firm in con¬ 
junction with the Farman company. Ratcau pro<luccd a turbo-compres¬ 
sor. making use of the exhaust gases, in I'>17, its first application being on 
ail engine of 175 horsepower and later to 300 and 450 horsepower engines, 
on which it maintained the ground pressure up to altitudes of about I7y700 
feet The mechanical compressor now introduced maintains atmospheric 
pressure in the intake pipes up to altitudes of 18,000 feet. The horsepower 
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curves of the Farnian enp^ine with and without the Rateau compressor are 
shown at Fig. 146. Two tiuxlcls have been produced up to the present, for 
engines of 450-550 and 600-750 horseiH>wer, respectively. 

The centrifugal compressor is brought intj> engagement by means of 
a clutch operated by a lever, and is geared up in relation to the engine, 
although the ratio is not stainl. The body of the compressor is in two 
parts in Alpax metal, the parts lieing united by twelve Ixdts so the angular 
location nf the inlet in relation to the outlet can lie raised hy steps of .30 



Fig. 146.*~Hortepowcr Curves of Parmsn Engine with and without Rateau 

Compressor. 


tlegrees. The total weight nf the compressor is 110 pounds. While it is 
possible to adujit a comprcs>or of this tyiie to most engines, there would be 
advantage in .siaiidarclizing so that any engine cciiild receive a supercharger 
as desired. 


Two carburetors are fittetl as shown at Fig. 145 A. one providing mix¬ 
ture to the nine rear cylinders, the other to the nine forward cylinders. 
ICxperinients have been carried out with a Rateau supercharger geared up 
in relation to the engine with a ratio of one to seven. A single disc clutch 
into engagement hv a very light spring; as sliced is increaswl centrifugal 
assures connccti<m between supercharger and engine and is first brought 
weights on the clutch assure a ]K)silive drive. Kxperiments made up to 
the present show that the sujierchargcr is capable <»f restoring the ground 
level horscjKivvcr at an altitude of 18.000 feet. Tests have been carried 
out at the 1‘rench Government Lal>oratory at Chalais-Mcudon. and one 
engine has been accepted after a 50-hour test. An engine of 500 hp. main¬ 
taining its full power up to 19,000 ft. would increase its s|>ecd.from MO 
m.p.h, at ground level to 165 m.|».h., nnd it is claimed that if Lindbergh s 
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machine had been supercharged it could have flown to Paris in hours. 

Pressure or Suction Supercharging.—Two methods of supercharging 
arc employed; first, the jjresaure type system as illuslratcd in simple dia¬ 
gram at Fig. 147 A and second, the suction type system illustrated in Fig. 
147 B. In the pressure type system the carhurclors are located between 
the supercharger and engine and arc oi)ernniig under supercharger pres- 



Pig. 147.^iotp]ifled DUgramt Shoving Methods of Dnving Centrifugal Supercharger. 
A^By Bxhautt Gai Driven Turbine. B—By Mechanical Oeanng. 
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sure at practically all times; while in the case of the suction type system 
the carburetors arc located at the supercharper air inlet and arc operating 
under normal atmospheric pressure. Both of these systems have their 
particular merits and the use of either one is practically dependent upon 
its adaptability to the installation in which it will he used. The methods 
of controlling the snjjercharger niil])ul varies .somewhat in the different 
types. In the turbine type the waste gale controls the volume of exhaust 
gases impinging <»n the turbine hlatles. By closing the gate the aj»ecd of 
the turbine and hcncc the amount of stijKTcharging is increased. In the 
displacement type and direct driven centrifugal units the c<infrol is by 
means of a gate im the discharge side of the compressor, while in the case 
of the suction type the carburrtr»r throttle ncl.s ns a Ciuitrol. 'bbe anioiim 
of superch.irglng i.s rncasiircrl by a sealed alinnctor or pressure gauge lo¬ 
cated in the cockjiit and which indicates the engine altiliidc or pressure. 
With the airplane flyitig at itMItlO feet and the nidicatnig instrnincnt read¬ 
ing aero or .sca-levcl pressure it would mean that the carburetors were 
getting air at sea-levcl density, ami that the engine was <iperating under 
practically tbc same cimdltions that il wonbl at sea level. 

As a nonstipcrcharged airplane ascends, the engine i>o\vcr and the 
power required to drive the pri>pcncr decrease in almost the same ratio. 
At a height <*f 20.CXX) feet, the propeller revolution.s are little lower than 
they w*<»u]d lie at the ground, while the jKWvcr devclope<l by the engine has 
liecn reduced to ofij^roxinialely -M) jkt cent <»f its normal output. With ibe 
supercharged engine, where the power is practically conslanl. the pnqid¬ 
ler tends to speed up with altitude ami allows the engine to race. The 
variable pilch projjellcr. in any form, has not \vi been i»erfccted to a 
point where it can he n.^ed as .standard ecpiipmcnl. Therefore, some 
coniproniiso mu.st l»e nia<lc by using a fixed jutcli propeller. If a propeller 
is used w'hich will allow the engine to devehip approximately normal 
revolutions at tbc ground, the engine will over-spcccl at altitmlc. A 
larger propeller is therefore used, desigiuxl to give normal rev<duti<Mi.H at 
some such aliilmlc as iO.OOO feet. The engine revolutions at tlie ground 
will 1)C from 100 to 250 r.ji.m. less than the rated r.ji.in. of the engine, and 
the propeller r.ii.m. will increase wtlli abitudc untrl the rated r.jmt. cd the 
engine is reached at approximately the rated aluimle of llie sujierchargcr. 
In adapting a .supercharger to an airplane a consi<!crable ntiinber of other 
details tnnst alsi> lie coiisidere<l such as the cording system. carburcUirs, 
fuel systems, sparkplugs ami ignition; also provision for supplying the pilot 
and crew wdth oxygen. 

The Materiel Division of the Air Corps has slamlardizcd mrire or less 
on two types of carburetor: the suclion-lypc and the ])ressurc-ty])e. The 
terms, of cfiurse, merely tell the liK-ation of the carburclor relative t<» the 
supcicharger. K. (1. Shoemaker, of the Mulcrid Division, wh<» did a great 
deal of work on sujierchargers, outlined the relative advantages and dis¬ 
advantages of the two locations. In the sucti<m-lypc. formation of ice in 
the carburetor may increase the restriction, <»r the ice may become hiose 
and go into the high-.specti impeller, causing chijjping. 'I'his ia particularly 
noticeable when using benzol. A third disadvantage is the large area of 
the inlet manifold and of the 8ui>crchargcr itself that must be wetted by 
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the accelerating charge. 

The outstanding advantages of the pressure-tyjie carburetor are the 
small charge of fuel and air in the inlet manifold, which causes very little 
injury in case of backfiring, and the lack of difticully with ioc formation, 
because the temperature rise in the su|>erchargcr makes the air tempera* 
fure high enough so that ice will not form. Under these conditions the 
maximum temperature difference is obtained fc^r intercooling, which is 
important with high co?npression*ratu)s. lK*causc of the great difference in 
temperature lietween the air inside and that oulsi<lc the intercooler. The 
disa<lvdntages arc the necessity fcjr a pres.sitre fuel-feed to ilic carburetor 
and for a sejwrate coulrol-valvc for the supercharger. An additional difli- 
ctilty is that the carburetor must Ik sjKcially built, that is. tightly sealed 
throughout and internally vented. Great care must be taken to use pack¬ 
ing around the throttle and mixture-control shafts iKcausc, without it, as 
the altitude increases the pressure difference will force a combustilile 
< barge out around the throttle sli.afts and iiupnir the action of the nii.xture 
control. 

Air Corps Supercharger Development.^In gcncTal, the results of ini- 
prnved aifjdmie pertorniauce ma> be classed in the following manner: 

a. Increase in airplane ceiling by 50 per cent to 75 jier cent. 

I). increase in sikccI and uiaMcuverability at high altitude for pursuit 
airplanes. 

c. Makes p<»8sib1c two-plncc fighters au<l j»hotograiiliic .ships for high 
altitude duty. 

<1. Makes possible bfgh altitude cruising' for offensive bombing 
sijiiadrons. 

C. Wifi enable commercial airplanes to cruise at high altitudes and 
make better speeils. becuusc of le.ssened air resistance. Advaulagcs b, c 
and d apply to military airplanes more th.nn to commercial types. 

The in vcstigalinn and devel<jj»ment of air cumpres.sc»rs or superchargers 
by the U. S. Army Air Corps i.s liemg carrieil on ahmg two lines: namely, 
ihe centrifugal ty^>o fincluding Inith the turbine and gear driven units) 
and the K<ints or rotary di.splacement type. 

In the centrifugal ty)>e the cotn|>ressjiig elements are practically the 
same for both the turbine and geared types, their jiritnary differences being 
Ml the melluMl of driving. In the case 4>f the turbine driven centrifugal 
coiiijiressor the ixdcntial energy of the exhaust gases t$ ctmtndicd and 
Mi.idc available for power to <lnve the turbine as in tbe installation shown 
at Fig. 151 which shows a Liberty-12 engine used in experimental w'ork 
by the Army Air Corjjs equipped with a side tyi>e exhaust driven turbine 
.supercharger. A Curtiss Hawk air])laue, cquippeti with a supercharged 
engine is shown at Fig. 152. The device mounlcd ahead of the super- 
'•liarger is the air-ci»olcr. In the case of the gcaretl type tbc power 
to drive the supercharger is taken directly from the engine crankshaft; 
ihc engine connection is usually made by means of a clutch or flexible 
• oupling, The Roots .sujiercharger is id the displacement type and by re- 
‘erring to Fig. 143 A the principle of operation of this type may be seen; 
he power for this tyj>e of unit is taken directly from the engine crankshaft. 
The centrifugal type of compressor is essentially a high-speed machine 
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a)ul althongli the normal speed rating* is in the neighborhood of 23,000 
r.p.m., siK'fd.s of 35.000 to 40,000 r.ji.ni. has'c been cditained. Its extreme 
simidicity and cc»m part ness is rcinarbahlc when it is cimsidcred that the 
units recently developed arc callable of handling an inlet air volume 
considerably in excess of 1,600 cubic feet of air per minute. The rotary 
compressor, operated at s|>ecd.s up to 6,000 r.p.m., is slightly heavier than 
the centrifugal type and its reliability is primarily due to low r.p.m. The 
salient features of hoih types are reliability, low weight, flexibility and 
adaptability. The construction is comparable to all standard aircraft prac¬ 
tice. rcijtiiring llie maximum unit strength at the lowest possible weight. 
This is accom]disbe<l by using aitiminum, duralumin am] magnesium metals 
wherever possible. The use of these metals has permitted design and con¬ 
struction in which the total weight of the compressing units has been re¬ 
duced to between 65 and 85 pounds as compared to approximately three 
tons for a conunercial centrifugal compressor of the same displacement 
built for shop work and <lesignetl to ojicralc at Ic^wer speeds. Of course, 
service life is sacrjficc<l to attain extreme high speeds. 

Efficiency of Centrifugal Superchargers.—Dr. Sanford A. Moss, of the 
(reneral Electric ('om]>any who has chme a great aincmiu of development 
work on turbo-superchargers, recently tliscu-^sccl sonic of the features of 
this type before the S. A. Jv. lie said: 

*‘ln the early day.s it was considered rubcubuis to suppose that a 
mere pinwheel, r<»tatkng in a casing, could have any appreciable inlbicncr 
on engine performance. Only a few weeks agi» I was seriously assured by 
an aviation engineer that, even though a centrifugal supercharger main¬ 
tained a given pressure in (he intake inanifuld u{ an engine, it was nut 
tK»sitivc, and that a positive-disjdacement machine, maintaining exactly 
the same pressure in the intake inantfold. would lie much more effective 
in forcing air into the engine. Of c<*nrsc. the fact is that a given mani¬ 
fold pressure will result in a given amount of suj)ercharging. regardless 
of how the pressure is priKluccd. Another fallacy which has been preva¬ 
lent is that the impeller or Tan’ of a centrifugal supercharger ‘fans’ the 
air and produces a serious temperature nse. so that, even though a cen¬ 
trifugal machine had the same cflicieticy as a positive-<lisplaccment ma¬ 
chine, the tein]>craturc rise would be much greater.** 

The figure of 70 per cent which is used for the efficiency of a centrifugal 
supercharger ts a good average for a machine under actual conditions of 
operation on an airplane engine, if proj^erly designed for these conditions. 
The various blude-shaiies an<l angles and widths, the diffuser proportions 
and all the details must be carefully arrange<l. If this is not done, the 
efficiency may have any lower value whatever. Illicit comparisons have 
been made between a |«'orly designed fan and a so-called positive-dis¬ 
placement niacbine operated at such a low pressure and speed that the 
efficiency was much higher than would occur in actual operation on an 
airplane. 

The word “positive’* has been supposed by people who really should 
know better to have some magical eiTcct in getdng air into an engine 
cylinder which couhl tiot accomplished by a centrifugal supercharger 
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with the saine pressure and even better efficiency and, hence, lower tem- 
])crature*rjsc. 

In making the comparisons alxtut a Uoots-type supercharger at sea 
level, it has been stated hy Messrs. Chcnowelh and J<ines that they 
thought the power would l»c vlrliially zero at sea level. Dr. Moss does not 
agree with that ujunion l)ecaiisc a pc»sitive-displacenieut Roots-type super¬ 
charger has a considerable task in f<»rcing the air in and out of the lolses 
and through the openings at the high speed used in aii airplane installa- 
lion, so that a Rncjts-tyj>c supercharger, even Ihcuigh it gave no pressure 
near sea level, ,still wouhl consume a consiflcrahlc ainonnl of pt>wcr. No 
(lata about this have hocn published; so one guess Is as gfjod as another 
as to whether that power is appreciable or not. 

Dr. Moss slates that, at attittidcs of from 12.000 to 16.000 ft., the use of 
a centrifugal supercharger wilhout an air-coolcr praclicnily doubles the 
l>nwer of an alrjilanc engine. 1‘hls Is an inj|>oriant gain, which justifies 
the use of such a supercharger in inosi aviation engines. It is to he noted 
ihat a geared ceulriftigal sujicreharger operates at full sj>ecd all the lime, 
even at low altitudes when very little of the sui>ercharging effect is needed. 
The test <lata show that the li»ss (»f engine power, due to this, is compara¬ 
tively small. Flight tests <»f .airplanes, with engines arranged for super- 
cliarglng to considerable altitudes, show very slight loss of speed at sea 
level ctuuparcd with unsu]KTchargcd planes. A large ])art of this slight 
los.s is to he ascril>cd to the fact that a su]>crchargcd plane requires a 
sdtncNvhnt larger projicller than an unsui»crcharged one, so that the engine 
sjiced is decreased somewhat. 

Pnn*o5als have been nia<lc t<» u>c clutches (*r bypass valves to unload a 
centrifugal supercharger, Imt the loss is so slight that th^ complication has 
never been warranted. Of course, the .sujUTcharger easily increases the 
engine pow'er hy the anumtU necessary to l»alaiice this loss. The unused 
''lipcrcharging effect at small altitudes also gives a reserve whereby the 
engine can he made to give more than nnrm.il sca-levcl power as an emer¬ 
gency matter for .shi»rt intervals. This, of cruirse, requires an engine that 
can withstand such emergency increase of jKnver without risk. 

A marked advantage (d the centrifug«nl suj)crchargcr lies in the vapori- 
zalinn of the mixture. The great gain in this respect requires more than 
mere tnentiun. Tliere is an apijrcciahle imjjrovcment in starting charac- 
icristics, uniforniity of firing, uniforniily <d dlstrilnition, and similar mat- 
itTR when gasoline In passed through a centrifugal supercharger hy use 
nf a cnrhuret<ir located at the suiwrchargcr inlet or operating on the suc¬ 
tion instead of the pressure supercharging system. It is mentioned that 
u carburetor dro]) of alxml 1.5 to 2.0 in. of mercury is common. However, 
t is believed that the viqwrizalion secured in the centrifugal supercharger 
vill allow the use of lower rarlniretnr velocity and so diminish this drop. 
The centrifugal supercharger va|»ori 2 es practically all the gas<»linc before 
’l‘c cylinder is rcache<i, with the resulting tcniperalurc-drop and increase 
d weight of charge in a given volmne. With the unsupercharged engine 
^ere is probably some uncvaimr^atcd gasoline at the beginning of the 
'>mprcssion stroke. S. W. .Si>arro\v, when at the Bureau of Standards, 
unputed that the vaporization of gasoline gives a 36-dcgree Fahrenheit 
cuiperatiire-dccreasc. 
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Blowers for Charge Distribution*—The Bristol Jupiter air*eooled en* 
^ne of 146 by 190 mni. Ixire and stroke is made with both a supercharger 
and a reducing gear, the latter being the planetary type. The blower Is of 
the high speed centrifugal type embodying various patented features 
which are claimed to eliminate the inertia problems inherent with this 
iy\)C of inechauisni- A system of slipjiing clutches insures that the im¬ 
peller is protected from shock loads, the torque in the blower drive being 



Pig. 148.—The Jupiter Gear-Driven Supercharger with Cover Removed to Show Im¬ 
peller, which Rotates at High Speed, and Fixed Diffuser Vanes which do not Rotate* 

practically constant. The unit shtjwn at Fig. 143 is minnitcd immediately 
behind the rear wall of the crankcase, concentric with and driven from 
the tail end of the crankshaft, around which it revolves. In order to retain 
simplicity of the standard ty\< uf carburetor and controls, the triplex car¬ 
buretor is mounted on the intake side of the blower, the mixture being 
drawn axially into the impeller and discharged radially via a fixed diffuser 
into the annular diffusion chamber, which replaces the induction spiral. 

The Pratt and Whitney Wasp engine is characterized by its light 
weight per horsepower, clean design, simplicity of construction, remark* 
able ease of maintenance, and excellent operating-qualities. It Is shown 
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in transverse section at Fig. 149, the important parts being clearly indi¬ 
cated. On an extremely conservative rating, this engine develops more 
power than the Liberty-12 engine on its maximum rating. The installed 
weight of the Wasp is approximately one-half that of the Liberty-12 
engine. The magneto couplings arc the only exposed moving parts on 
the Wasp engine, and the symmetry and form of the engine make the 
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Fig. 149.—Sectional Diagram of Pratt k Whitney ^'Waap** Engine Showing Location 
of Gear-Driven Centrifugal Supercharger at Anti-Propeller End of Crankcase. 

cowling arraiigcmcnl sinii>]e, efficient and generally pleasing. All acces- 
M)rics are grouped in the rear section so that they arc enclosed in the 
first cowlcd-in liay of the fuselage, where they are protected and also are 
convenient of access as .shown at Fig. 150 which outlines the engine on the 
Vought Corsair detachable engine installation unit 

To secure the best possible distribution and high volumetric efficiency, 
a General Electric centrifugal compressor is fitted in a thin section im¬ 
mediately behind the crankcase. It is for rotary distribution only and is 
not a supercharger. Its slight supcrch«arging effect is just sufficient to 
vercome manifold depression at full throttle. The impeller is spur-gear 
driven from the rear end of the crankshaft at five times engine-speed. It 
draws carbureted air directly from a Stromlicrg carburetor an<j delivers 
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it, through a diiTuser and the individual intake-pipes, to the valves. 

The rear cover contains the entire accessory group. The accessories 
are admirably laid onl in a manner which provides CMin|>actncss and ac¬ 
cessibility. The accessory group can be passed through the mounting 
circle of the engine, which greatly facilitates the removal of the engine 
from the airplane. The blower section which carries the mounting lugs 
and the rear cover can !« left in place anti a new |K>\verMinit can be l>olted- 
on without disivnmccling any parts. The oibjjutnp strainers are built int(» 
the casting while the magneto.s, the carlmrctor, the starter, the fuel pump, 
and the generator, if a generator is used, are mounted on flanges. 



Fig. ISO,—Pratt ^ Whitney ^Waap" Engine Installed on Vought-Comir Detachable 
Engine Mounting Showing how all Acceaaoriea are Grouped at Anti-Propeller End 

of the Engine. 
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Superchargers Aid Scavenging.-^Another item of advantage with 
superchargers is that, with proper valve^timing, an appreciable amount 
i)f scavenging can be obtained; that is. a large portion of the products of 
combustion occupying the clearance space can be driven out and the 
clearance space itself filled with fre.sh charge, due to the diiTercncc be¬ 
tween the supercharger pressure and the exhaust pressure, if the exhaust 
and the inlet valves arc t'|>eiied at the proper times. C(»mpiitati<ins of this 
effect have been made by others on the assumption that the entire clear¬ 
ance S|>ace is exactly filled with fresh charge, instead of with products of 
combustion as in the iinsiipcrcharged engine. An iiti|>ortant factor that 
merits consideration is the siifiercharging of nviatum engines at sea level, 
'rhe centrifugal gear-driven supercharger, if <»pcned up near sea level so 
rs to give a j)ressnrc in the intake manifold greater than .standard sea-lcvc! 
(pressure, will give a g^rcatly Increased ainouut of power. The engine of 
course must be arrang'cd Ut with.stand this increase in power. Arrange¬ 
ments for accomplishing this are now in jprogress and will no doubt be 
n.scd coninicrcully in the near future. When such an engine is available, 
centrifuge'll superchargers will Iw insl.'illed with somewhat higher gear- 
ratios than arc now cnntein]>latcd. For flying near .sea level the super¬ 
charger will l>c partly opened up .so as to give wliatcvcr increased i)ressiire 
m the intake manifold the engine can safely take care of. As the plane 
climbs to higher altitudes the engine t>ower will he maintained at the safe 
value at sea level by succc.ssively ot>ening up the supercharger. In* air¬ 
craft-engine work, however, the conditions for su|>ercharging are ideal, 
because the engines operate in an air density that is c<msiderably less than 
that at sea level; they also secure the benefits td the low temperatures at 
the higher altitudes. This is especially beneficial insofar as turbo-super- 
charger o[^er.ntirui an<l engine teinpcralnrcs arc cmicerned, 

Practical Value of Superchargers.—In discussing the .subject of suj^er- 
charger.s in aircraft >vork. A. L. Berger of the .Supercharger Dept., Wright 
Field. Dayton, Ohio, brings out some interesting experiences obtained by 
the Army Air Corp.s. At the time of the inception of the supercharger for 
aircraft engines, nearly all known tyj>es of compressor were considered, 
but the turbo lyi>c seemed to be best adapted to aircraft, probably because 
the kinetic energy available in the exhaust gases could l>e utilized, and the 
necessity for taking ptnvcr from the crankshaft for operating the .sujier- 
vlnirger could lie avmded. Some idea of the results achieved from super¬ 
charging aircraft engines may be obtained when one considers that a 400- 
bj'. Liberty engine at 20,000-ft. altitude wilhniit a supercharger develops 
aiiproximatcly only 105 h]). and that, by supercharging the engine to sea- 
level pressure at that altitude, practically normal sca-lcvcl horsepower is 
iffain made available. The hardest problem encouulered in the develop¬ 
ment of the turbo-supcrchargcr was that of .‘securing a satisfactory metal 
••T the lurlnnc buckets. When one cmislders that the turbines o)>crate in 
ed-hot exhaust-gascs. the tomt»cralures of which are from 1.200 to 1,500 
b*grecs Fahrenheit, he can realize the <lifficiiltics of the ]>n*hlcin. After six 
•r seven years the Army Air (.^»rps finally developed a metal for the turbine 
■ tickets that has proved very Miccessfnl. While the Air Corps has stand- 
‘idizcd on turbo-su]aTcbargi*r> for aircraft wt»rk, that docs not close the 
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field to other types of su])ercharifer. They are considering doing some work 
with vane-type blowers, some designs of which seem to offer possibilities. 

As an illustration of the performance of an air]>lane equipped with a 
supercharger, Mr. Hcrger cites the present Air Corjis standard pursuit-air¬ 
plane, which, when c(|uii»pcd with an unsupercharged engine, has a time 
of climb to 20,000 feel of apjiroximaldy 26 miniiies; but, when the engine is 
ccfuipped with a supercharger, the time of cliinb to the same altitude has 
been reduced to le>s than IsvcUc minutes. It is likely that in the near future 
altitudes of 20.000 feet will be reached in seven or eight ininmes. After 
considerable CNperlinenimg with the tiirhi>-ly|>c Miiierchargcr. it was be¬ 
lieved p<»ssiblc to connect a gear-driven centrifugal snjicrcharger directly 



Pig. I52.~OfBcUl Photograph from U. S. Army Air Corpi Showing Inatallation of 
Powerplant Employing Experimental Side Type Supercharger on Curtiaa Military 

Airplane. 


to the rear <»f the engine. There was. however, a rather grave quest ion 
whether a satisfactory connection con Id be made, because of the oscillation 
of the crankshaft. Later dcvclopnicnis have shtnvn this skepticism to be 
well founded. 

A great many types of couplings and drives have l>ecn tested, but none 
has prove<l entirely successful. Jt is probable, however, that this difficulty 
can be largely overcome by building the su|H.Tchargcr directly into the, 
engine. S<nne work has also been done w'itli the Roots-tyjic supercharger, 
a$ developed by the National Advisory Committee fur Aeronautics. The 
tests of this type to dale, however, have not been conclusive, as a number 
of mechanical failures have been encountered. In general, mechanical 
difficulties have been the cause of the greatest trouble, irrespective of the 
type of supercharger. 1‘hvsc are jirobably more serious than those of 
superchargers used with automobile engines, because superchargers for air¬ 
craft engines must be constructed of the very lightest material. Super¬ 
chargers used with aircrafl engines of 4a) to 500 horsepower weigh less 
than 100 pounds. The light construction increases considerably the possi¬ 
bility of mechanical trouble. 





FEATURES OF SUPERCHARGERS 


349 


With regard to supercharger air-discharge temperature, the final tem¬ 
perature should be approximately the sante for the same comprcssion«'pres‘ 
sures» whether the supercharger is a turlK). geared centrifugal, rotary or 
vane*typc compressor. That of the centrifugal type j)rt>hal)ly is slightly 
less than that of the others at the higher operating .speeds. Intercoolers 
are essential for ctKiling the air. esi)ectally when liigh mean efTectivc en¬ 
gine-press ure.s and high supcrcliarger-pressurcs arc maintained. The 
power re(juirenieiit f<»r .supercharging at scven-tHninds |>er .scpuire inch |)rcs- 
siire-difTerciice is alK)ut hnir horsepower jier hO cnhic inches of jnsion- 
displacement at 3.000-r.fMn. engine-speed. In return for (his we receive a 


ClK»us( 



1 SI.^Official Photofraph Supplied hj the U. 8. Army Air Corps Showing Side 

Type Supercharger on Liberty Engine. 
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net incrca&c in percentaj^c of power 1.8 times the increa&e in percentage of 
volumetric efficiency. Al 3.000 r.p.m.. few engines have more than 70-per 
cent volumetric efficiency al level. A volumetric efficiency of 100 per 
cent can be obtaiiie<l with siii>ercbargiiig. or a net increase in power of 55 
per cent. 


Valve rocker Exhaust 



Pig. 153.^Part Sectional View of Autonodve Type Diesel Engine Suitable for Motor 
Tnicks and Tractors, but which is Too Heavy for Aircraft Use. 


AUTOMOTfVK DIKSKr* KNfUNKS 


Automotive Diesel En^es.—The automotive Diesel engine that has 
l>€cii built for motor truck use wcmld have p<Jssihilities in aircraft applica* 
tions if the weight couUI he rcfhicerl below the twenty pounds per horse¬ 
power that seems (o he the low limit at the present time. An engine in¬ 
tended (or automotive use is shown at Fig. 153. It has four cylinders of 
six inches bore and eight inches stroke an<l light materials are used at 
various points to reduce the weight. The engine was described by R. J. 
Hrnege in the February issue of llic S. A. f.. Journal. The general construc¬ 
tion is apparent by inspecting the transverse sectional view. Careful con¬ 
sideration has been given to accessibility of all working parts for case of 
inspection an<l scn icing. The integral crankcase and cylimlcr-houslng with 
walls between cylimicrs from lop Ut ImiUoih gives a very rigid ccmstruclion 
and permits the use of much thinner sections, which tends to decrease the 
weight of the engine. I'he crankcase an<l cyllritlcr-honsing are of boxed 
construction cast-in-block integrally for any number of cylinders. This 
]»nnluces a rigid and light design and causes the engine to operate very 
snuMithly. The cylintler proper couijiriscs a gray-inni inserted sleeve 
which is readily renewable. The main babbiti-lincd bearings are sus¬ 
pended in the crankcase and seciirctl by inserted IkiIis, there being a bear¬ 
ing between each two cylinders. The tiil-pan is of aluminum to secure 
lightness so that it can be easily <lr(ipped. as in most autmuolive-type gaso¬ 
line-engines. for bearing adjustment. Pri>vision has also been ma<le for 
removing the pistmis ancl their rtrd.s frcmi the iHitlom; but they can also 
be removed through the top if desired. Unnd-holes arc provided on the 
side of the crankcase ft>r connccltng-rrHl-bearing adjustment. 

Either electric st.arlers or a two-cylinder air-cooled double opposed- 
jiiston gasoline-engiuc can be used for starling pnr]>oscs. either system 
being arranged with a gear drive automatically engaging the ring-gear 
on the flywheel. To aid the initial turning-over of the engine, a manually 
controlled compression release has been provided. After the engine is 
spinning, compression can be engaged on one cylinder until it flres, after 
which all cylinders can l>c engaged. The valves arc located in the cylin¬ 
der-heads and are operated b)* rockcr-arnis and roller push rods. Valve- 
lappet a<ljustmculs can lie made conveniently by removing the cylinder- 
bead covers, which leaves the rockcr-anns in plain view withemt obstruc¬ 
tion by accessories or other parts, The valve-in-head design is used to ob¬ 
tain the desired comprc.ssion space for the mo.st efficient pressures. The 
miet-valvc has an integral deflector on the head which, with the angular 
<lireclion of the fuel spray, prinluccs the necessary turbulence for the 
complete mixture of air and fuel that is necessary to t>roducc clean com¬ 
bustion. The cylinder-heads are cast in pairs to secure lightness and to 
facilitate easy removal, and are protected by safety-valves. 

The air-inlet pipe has a pre-heater attached to aiil in starting under 
extremely cold conditions and is arranged for the application of an air- 
fllter. The exhaust pipe i.s large and has an outlet flange suitable for 
attaching a muffler. The fuel-pump is mimnted on a bracket integral with 
the crankcase and is jmsitive, being driven off the timing-gear train. It is 
a cam-actuated plunger tyjie with a plunger and a cut-t»ff valve for each 
engine cylinder. The cut niff valve and plunger are acitialed by fulcrum 
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tappets interposed between the main-drive cams and the plunger and cut¬ 
off valve. The cut-off valve can he adjusted easily in the same manner as 
when adju.sting ordinary valve-tappets. All moving parts arc enclosed 
in a common housing and operated hy one drive-shaft having integral 
drive-cams. 

The engine-speed actually is controlled by the governor, which is 
built into the fuel pump and operates the controlling, or ciit-ofT, valves. 
I'hcsc valves can alM» Ik; contndled mnnually if desired. The speed of the 
engine is increase<l or decreased hy the p<»iiit of the fuel cnWilT and the 
duration of injection, depemling upon the plunger and valve position in 
relation to piston ]K>siti<m and speed. The two cimtrols are the only ones 
for operating the engine and ctirrcst>ond very chi.scly to the spark and 
gasoline controls of the gasoline-engine. The fuel-injection advance-lever 
location can be determined anil located readily for a wide range of speed, 
and the engine is then contndicd hy the fiud cut-f»ff lever, An engine of 
this type may he run at speeds up to 1.200 r.p.m. It was tested with three 
different grades of fuel oil. The engine Inirned each <if those fuels crpially 
well during all tc.sis. In addition t<» the light weight, the small space 
required and its simplicity as compared with the conventional air-com- 
prcs5<»r-injcclion Dicscl-engincs, this engine has many other points of 
merit when compared with tUher types of engine. 

Advantages of Automotive Diesel Engines.—'The advantages of the 
Diesel automotive tyt>e have been summed nj» as follows hy Mr. Ilroegc: 

Compared with Gasoline Engines 

(1) It derives its fuel from the largest supjdy i»f the cheaper and non¬ 
volatile hydrocariNins. 

(2) It has a lower fuel-consumption per horsciH>wcr. atid especially so 
under variable lo,id-condilH»ns. 

(3) The autom,itic fgnititm eliminates acccRs<»ries and drives such as 
arc rr(|iiired for magnct<» or distributors, which results in greater 
reliability, 

(4) It simi)lifies or eliminates jmssibk* difficulties which might arise 
from additional and complicated equipment. 

Compared with Fuel-Oil-Vaporizing Engines 

(1) Auxiliary fuels for starting are eliminated. 

(2) U is always ready for starting. 

(3) It has improved adaptabilities for automotive purposes. 

(4) I'here is no contamination of lubricating oil hy fuel oil. 

Compared with Engines of Ignition-Chamber Type 

(1) The cvlindcr-hcad construction is more simple, especially consider- 
tng provision for starting. 

(2) The possibility of retjuiring auxiliary fuel for starting is avoided. 

(3) Ignition cartridges or electric ignition-coils, with their necessary 
batteries, are eliminated. 

(4) It has better ada|>tabilkty to the commercial automotive trade and 
to any other work for which the automotive gasoline-engine is used. 

(5) The operation with a cold engine or under no load is more uniform, 
even at low speeds. 
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Compared with Hot*Bulb Engines 

(1) It has lower fuel •con sumption, especially under heavier loads. 

(2) It weighs less. 

(3) The lamp for heating the hot bulb is eliminated. 

(4) It is always ready for starting. 

The.se automotive Diesel engines should in no way l>e compared with 
ihe commonly known sltovsiwctl heavy Diesels iif eiiluT the air-injcclion 
<>r solid-injection ly|K*s. Mr. I'roege l)clievcs it is fair to slate that the 
niittiniotive higli-spee<l l^lc.sel engine is here and has already gone through 
many *4 the stages that the prescnl-dny aulomniive gasolme-engine has 
gone through hclorc reaching its present highly developed stage, This 
iy])e of autiunoiivc Dic.sel engine in its j>rcscnt form will i>erforin economic 
cally with elicaijcr fuel over a wide range of .service, such as in c<uumercial 
niotor^tnic'ks, tractc*rs or in excavator machinery. e<|ua(ly ns well as gaso* 
Ihie-engines and with far better fuel economy ami less fire risk. It will 
perform equally well in any oilier service for which the gas<iliue aulu- 
uuitive engine is used, and if its weight can Ite reduced it will be suitable 
for aircraft. 

Peugeot-Junkers Type Diesel Engine.^Anothcr type of Diesel auto¬ 
motive engine is slmwn at Fig. 154. 'I’his Is built by Peugeot In France 
under Junkers* license and is the same type, as far as <»peraling principles 
arc concerned as that Junkers* Is cxpcriincnting with for aircraft use. It 
has been recently described in .hiUfmotnr Ivffvstrit's by \V. F. Bradley, 
(heir h'uropcan correspondent. 

The iVngcot engine is built for inolur truck iisc. Only one mo<lcl is 
being iirodiicc<l at present, this lienig a two-rybiKler vertical iwr^strokc. 
•Ie\cln)>ing 45 luirscpower at l.itX) r.p.ni. .Smaller units will be produced 
later. The Peugeot-Junkers differs frinn other Diesel truck engines at 
present on (he market in being a two-cycle model with op|M>scd pistons. 
’)4ic bore of the cylinders is 80 mm. (3.1 indies) and the combined stroke 
of the I wo pistons IS 300 mm. (11.8 inches) giving a jnstem <lisplacemcnt of 
183 cubic inches. 

The ])i>wcT ouiput is 40 horse|Kn>cr at 1.000 r.p.m.. increasing to 45 
liorNCpower at 1,200 r.p.m.. with a fuel ccmsumiilioii of 0.38 pounds per 
horsepower-hour. U is claiine<l that between 29 and 50 horsepower the 
s|)ecific con sum ])t ion remains constant, and that the load has to be dropped 
below 29 horsepower, or carried beyoiul 50 horsepower f<»r the consumption 
to exceed 0.40 pound jier horsepower-hour. The cylinders and crankcase 
enjialilule a single «aUimiinim casting, with iron liners set into the cylinder 
barrels. Hy reason of the opjiosed piston design there is no cylinder head. 
ITie Kiwcr piston is c<»nneelcd to the central one of three throws on the 
crankshaft and the upper pi.ston to two lateral throws. The upper piston is 
doublc-endetl, the low’er |Kirtion, which carries bmr compression rings, 
operating in the 80 mm. lH>re cylinder, and the up|>cr end of the skirt, 
which has a much bigger bore, forming the piston of the air cylinder for 
the scavenger pump. 

The auxiliary connecting rods, which are under tension, are attached 
by split bearings to the crankshaft and at the upper end have a roller 
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crankcase and the cylinder head. This makes it possible to use higher 
pressures than on other engines, the volumetric romprcssirm ratio being 
about nineteen. A liiglier rotational sj>ec<l can be niatniaincd with a low 
piston speed, and by reason of the small cvliiidcr bore the wall surface of the 
combuslion-chaniber is reduced lo a niininiiiin. 

The upiwr piston covers and iiiut»vers the inlet jMirls. while the lower 
piston uncovers the exhaust p4ir1s. The stroke of the two pistons is not 
the same, thus making it possdde to give a leatl to the exhaust oj>ening, 
Only pure air is admitted, this first driving out the remains of the exhaust 
gases and then being c<Jiiipressefl. Fuel is injected by means c)f a constant- 
stroke fuel pump, starting al^out sesenteen degrees l>cfore the upjier dead 
center. The injection )Knni is iiuariable. but the cjiianiiiy of fuel delivered 
at each stroke the pum]> is varied llirough the operation of the throttle 
and (he accelerat<ir. 

The fuel pumi>, which is Junkers* own <lcsign. is fed from a constant 
level float chamlier and ts driven ibrect friun ibe front en<l oi the crank¬ 
shaft. On the left-hand side of the engine, in tandrin. is the water juimp 
and the electric generative. 'l*lie usual tvpe of electric starting mivtivr, with 
IJendix gear, is fitted. 'Hie radiator fan is jMvsitively driven. The weight 
of the engine, without flywlircd, Is given as 616 lb.; minus accessories, 
water and oil which makes it much Iiki heavy for aircraft. In operation 
ihe engine is free from smoke or any objectiouahle smell, and it assures 
a greater degree of flexibility than a normal four-stroke, f(uir-<ylinder 
truck engine of equivalent power and does n<il weigh very much more. 

Fuel Injection a Problem.—A number of authorities agree with the 
choice of airless injection and (>]ien combiistion-chamber. Itecausc of the 
fewer moving jiarts resulting in a sini)der clesign some prefer the two- 
stroke cycle. )uit it must be admitted thut neither the art of scavenging 
nor that of heat dissijnation is snfl'icieutly advanced to alU»w* (milding a 
3,000-horsepower two-cycle ent»ine to run at 700 r.pm. on a basis of safely 
r.stablished practice as has been tloiie by Mr. Trieber in tbe marine engine 
previously de.scribcd ami illustrated. 

In a solid-injectioii engine, the most delxktable question is between con¬ 
st,an t-pressu re injet'tion and tlie jerk ]iump. Among the troubles with the 
•lircct pump system arc aftcr-tlrij>ping; inisse.s caused by air bubbles; sec¬ 
ondary discharges from pressure waves; deslnictive jerks of the pu;np- 
]duiiger; water-hammer action in the fnel lines; varying inject ion-lag. due 
U) both the coiupressjbilily of the liquid and '‘breathing** of the pil>^; and 
falling off of the injection pressure and quality of atomization at low sjiee!!. 

While the constant-pressure system is free fmm these troubles, it has 
disadvantages of its own; (a) To be effective, the injection control must 
ht in the .s];ray no^^le. and a mechanically operated s[iray nozzle is com¬ 
plicated; (b) with fuel coniinually under pressure in the line, even a slight 
leakage in the injection nozzle w'ill cause drip]>ing that is hard to detect, 
and the dripped fuel may cause undesirable explosion prc.s.surc: (r) meter¬ 
ing of minute quantities of fuel by keeping the valve oj)en for a definite 
length of time is not po.sitive enough, and the di.siribntion liecotncs uneven 
j£ some nozzle <irificcs are wiilened by erosion f»r clogged. 
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Aa a rule, hip'h fiiel*economy does not acc<»m|>any mean indicated 
pressure. In an engine with fourteen to one compression ratio, 185 pounds 
mean indicated pressure can be secured on a fuel consumption as low as 
0.25 |>oiiiid per hf>rsepou er-hour, but liolh cannot he obtained together, ac¬ 
cording to the theory develo))c<l by George A. GotKlenough and John B. 
Baker. The l<)wcsl tiuorvtieal fuel consntnption with this mean indicalcfl 
pressure is about 0.41 jxumd per lw»rsc|>o wit- hour. With 0.25-ponuH fuel 
consumption, the Uio<jrctically highest mean IncHcatetl ]»rcssure is 104 
pounds. If the excels air is cut to bchov nlxiut 50 per cent, too much 

efficiency is sacnlK-i'd. 'J'liis is counrnicd by esperimeuts showing the high¬ 
est thermal efficiency at one-half am] <me-«jnarler loads. 

At speeds higher than l/OO r|Kni. it is very difficult to secure high 
mechanical efficiency in a Diesel engine, largely because of the friction of 
rings of the nninbcr and tension reipiind. 

Experience conriniiK the advantages of the jerk pump, and it is state<l 
it can be made tn nixTaie a reui»»le :int«Mu,a4ic valve uitli even more pre¬ 
cision than cam actuation, 'rhe aniomutic valve de\cloj»ed by the Na¬ 
tional .\iIvisors C oinrniltec for .Aeronaniies is jiarticnlarly liglit and 
sinijde. The sjimy holes for a cylimler having a bore of even only tlirce 
inches need not be smaller than inch. A short .stroke is advisable for 
high speed. 

A point in connccii<»u with the characteristics i»f Diesel ciiglues is 
brought out in an item in the i ounttcrutfl Mat or based lai a coiiiiinmicatimi 
from Wm. Beardnioro C*o.. builders of high-speed Diesel engines. It 
staled that whereas the output of a carburetor ty|>c engine falls off appre- 
cinbly when the leiuperalnre of the engine exceeds a certain value, owing 
to the exjiun.siou of the incoming charge and the conse<|nent loss of volu¬ 
metric efticieticy, with .i Diesel eutrine there is no such efferl. Tests were 
carried out with a higli*>peed Dioel engine with the ctuiling water at 2-kl 
degrees Fahrenheit, the cooling system being kei»l under pressure, and un¬ 
der these condilinii-s there was no appreciable falling' off in the power. Of 
course, llie amount of air entering the cylinder will be alYecteil the same in 
the Diesel as in the carburetor engine by an increase in cylinikT lempera- 
ture. but the Die.sel engine runs normally with a large excess of air, which is 
ncccs.sury iii order to be able to burn the bulk of the fuel injected in the 
very short lime available. With an increase in the temperature (d the air, 
vafMirir.ation and combust ion eviileutly priK'ced nmre rajudly and not so 
large an excess of air is needed. 

Sperry Oil Engine for Aircraft,—While most American manufaclurer.s 
have been eonicnl t*) re<luce gra<lnaUy the weight of their smaller oil en¬ 
gines to a ])oint where they arc practical for use in various forms of heavy 
mobile e<|iiii»ment, such ns conlr.actor's shovels and draglines, the work of 
the Sperry Gyrosc<ipc C*>mpany. under the supervision of Jilmcr A. Sperry, 
has for several years 1>ceii directed to the study of a suitable heavy oil 
engine for aircraft. The progress <if this project has been summarized in a 
paper by Mr. Sperry which was recently read before the Metropolitan Sec¬ 
tion of the Society of Automotive Engineers, by H. J. Scharnagel, Chief 
Diesel Engineer for the S|>erry Comjiany. Briefly alluding to the present 
heavy weight of the oil engine, the author begins his discussion by citing 
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ihe fuel economy i>l>tainal>lc by tisc of the oil cii^nnc cycle. The fuel con¬ 
sumption of the oil-enj^ine, compared with the gasolinc-cnRiiie ts roug^hly 
nn the order of two to three, .so that if tlte endues ran Ijo placed on an 
equal footing as to weight per h<»rsejKnver, the case in favor of the oil 
engine is hardly ojjen to serious <[uesiion. In view of the fact that the 
IM'Csent most highly dcvcl<»|ied light weight Diesels have a weight per 
liorsepower ranging from sisleen fMmnds to five pmitnls. (although in some 
cases lower values have been reached), the significant weight reduction 
needed to reach a point comparaldc with aero engines is quite i»bvii>ns. The 
ilitficulties cncouiilcre<l have been, in the structural sense, largely <lue Xo the 
higher inaxiinnm prcsstires au<l conse<|ueiuly higher .stresses and Injuring 
pressures ^liith arc enciniiUered in I >iesel practice. 

The methcMl oi .attack juirsued in the Sjwrry lalMoratory has. however, 
been largely conl'med ti> the evolution of a riesign v\hich wcaild permit the 
use <d a much higher mean elTeclive pressure than is i»rdinanly used, 'fhis 
has Ihhmi pro)«)sed by llie use of a liigli initial supercharging pressure coin- 
l>mr<l with a two-stage evt»:insjoii which coiiiiiuies the jiower jnijmlse of 
llic expanding guscs thnuigli u huger arc of the craiik-hafl revolution than 
IS ])ossif>le in oil engines which CNhausl to the outer air. Ivx]iennicntal 
results UaNC led Ii» the coiilirtnatiou of these concliislons and have been so 
encouraging tlial the proilnclion of an aM.iinnt engine is pnmused m the 
near future. 


Due to the CNCes^ne amount of air which is lak<*n into the l)iescl 
cylinder, the conilni'*tnm chamber in (he !speiT> cylimler has been enlarged 
1 (> about bnir times the normal \olnme. Air at about 4t') ])oiini1s pressure 
Iroiii a \»re-coin)»ressinn nr siiperchargnng jmmp is delivered to tins cham¬ 
ber und. on the cimipressiou stroke, fml oil i> injected shortly beb)re lo)> 
clear) ceiiler A ver> high inaMmum pressure and a mean elTectivc pres¬ 
sure of .^(H) ])oiMids has been achiever I ]t\ tins method. At the beg^i lining of 
ilic exliaust stroke, a valve in the position of the mmiuil four-cyde exhaust 
valve is r*iH'iied and the gases passer I into a secrmd stage cylimler and 
ihence. at the coiiijjletirni of the exj>ansiiMi stroke bi this cylimler. arc ex¬ 
hausted into the almosjiherc. 'I'he low t»ressurc cylinder is nu>iinlcd be- 
iwecn twr) high pre.ssurc c)'htiders whr»se tiiiiing is arranged so that the 
• shuiisl inlo the low |»rcssurc cylinder lakes place during alternate cycles, 
ilnis jitTinilting it l<» act alternately as tlie cxpan.sion cylinder for two 
iidjacent high pressure cylimlers. 

If pressure iii the second singe cylinder were maintained at almos- 
(ilieric level, the rush of the hot ga.scs past the exhaust valve would cause 
serious scoring and <lis(<»rtir»n. This trouble has been prevented by main- 
laniing a cushioning ])rc*sMirc in the secmHl stage c\ limlcr, which permits 
a gradual transfer of Ihe charge; and also fiv cooling the outer surface of 
the exhau.st valve through fins which arc cx]n*sed to the flow of air in the 
channel leading to the intake valve of the higdi pressure cylinder. The 
combination of supercharging and two-stage exjuiiismii is thus announced 
as the priricitial contribution which has l>een made to the problem of 
weight reduction, the result being approachc<( by incrcasnig the output of 
the cylinder rather than by ninisual reduction of masses, 'I’he difference 
i>ciweeu the nonnal Diesel mean effective pressure of about 80 lb. and the 
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300 lb. mean effective pressure of the high pressure supercharging engine 
ia considered sufficient to overcome the handicap of the 135 Ib. pressure 
achieved in the average aviation engine fwhich is the highest obtainable 
before pre^ignition is encountered), by a margin sufficient to make the oil 
engine practical for aviation service. 

The difficulties encountered by other workers in the high speed field, 
who have not resorted to such radical means to increase the (uitput of the 
oil engine, have been largely structural and otherwise intimately associated 
with the fuel injection system. In a high speed Diesel tlic time allotted 
for the injection of the fuel charge is so mitinte that the ctmstruction of a 
mech»ical injection device capaldc of delivering the fuel almost instan¬ 
taneously has, to a large extent, hamlicapped the pmductiem of high speed 
oil cnginc.s. No mention is made of the fuel injection system on the Sperry 
engine or whether the stresses enroiinlered in high speed iipcration can be 
taken care of by an engine structure which will I>e within the weight 
limitatious imposed. A ]>owcr unit, built ahnig aenmatiticai ]inc.s, capable 
of developing 250 hp. is at present in the design stage. F<mr of these units 
will be combined in a Vec Type engine to produce 1,00() hp., the dimen¬ 
sions of lM>th units being tentatively determined well wulhin practical 
limits, comparaldc to the sjwce required for unil.s «>f equivalent horsepower 
now being used. If the results are obtained in the aero type oil engine 
which have been indicated in the cxj)erimcntal conclusions announced by 
Mr. Sperry, the development will be of the utmost value to commercial 
aviation, which calls for a powcrplant of exceptional .simplicity and un¬ 
usual economy. In any event the project is \v<irihy of the closest attention 
because of the highly original mcih<»<l of development which has been 
chosen. 

QUESTIONS KOK KKVIP.W 

1. What IK llic (Ikftrrciicc iii mt prc^Mirr hct^tTii sea \v\vi and an aUiuidc cd 
20,01H1 

2. What rflect this have on cukrinc power' 

3. Name main t.v|*fs of airplane cnRiiie SM|HTchar>jiTs. 

4. Outline methods of centrilxipal supercliarffcr drive. 

5. What is the difference hciween a suction tyi»e and a prr'snrc i>pv MipercharKcr ' 

6. What is the efficiency of a ernirifucal sniu* re harder' 

7. Wfiy arc blowers .sonivUmes used for rliarK** distnlintmij? 

8. How dx>cs a supcrcliarKCf imprcoe |»rrb»rMiancv' 

y. At what speeds do crnlrifircal siipercharrets oiRTatc? 

10. l^cdcnbc operation of Roots type blower. 
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AVIATION ENGINE IGNITION SYSTEMS—EARLY MAGNETOS 

Early Ignition Systemi—Electrical Ignition Beat—PundamenUle of Magnetitm Out- 
Unet^Magnetic Subatance^^Magnctic Linet of Force—Zone of Magnetic In* 
fluence Defined—The Magnetic Circuit—How Iron and Steel ii Made Magnetic- 
Electricity and Magnetism Cloeely Related—Basic Principles of Magneto Outlined 
—Why Magneto Must be Timed—Basential Parts of a Shuttle Armature Magneto 
—Transformer System Uses Low Voltage Magnet^^Distribution of Secondary 
Current—High Tension Magnetos Are Self-Contained—Function of Make and 
Break-Advantages of Magneto Ignition—Requirements of Aircraft Engine 
Ignition Systems—Magnetos vs. Battery Ignition—Comparative Weights of Bat¬ 
tery and Magneto IgnitiorwModern Engines Require Many Spark^-Magneto 
Drive Important Problem—Lubrication Problem Difficult-Electrical Require* 
ments Exacting—The Berling Magneto—Two Spark Independent Magnet^Two 
Spark Dual Magnet^>Setting Berling Magneto—Wiring the Magnet^^Berling 
Magneto LubricatiorwAdiusttng the Interrupter—Cleaning the Dietributor-Lo* 
eating TrouNe—The Dixie Magnrt^^are of Dixie Magnet^Timing of the 
Dixie Magnet^-*Robert Bosch Magnetos. 

One of t)i <2 most important auxiliary (^so)ine*cnfjine com¬ 

prising the airplane i>owcrplanl atul one al>s<Outfly necessary lo insure en¬ 
gine action is the ignition Mslcin or tlie inothtK] ctnployed of kindling the 
compressed gas in the cylimlrr lo proiltice an explosion ami useful power. 
'Die ignition system has hern fully as well <lcveU>ped as other parts of the 
engine, and at the present time practically all ignition systems follow prin¬ 
ciples which have become slatnlard through witle acceplancc. 

Early Ignition Systems.—During ihe early st^nges of <icvcl<»pmcul of the 
gasoline-engine various methods of esplofling the charge nf combustible gas 
in the cylinder were cinpluyed. On sonic of the earliest engines a flame 
l)urned close to the cylinder-head, and at the proper time for ignition a 
slide or valve moved to provuk an o|)ening which permitted the flame to 
ignite the gas back of the piston. This .system was practical only on the 
primitive form of ga.s-cngines in which the charge was not compressed 
before Ignilicm. Later, when it was found desirable lo compress the gas 
a certain degree before exploding it, an incandescent platiiuim tid>e in the 
conihu.stinn-chamher, which was kept in a heated condition by a flame burn¬ 
ing in it. exploded the gas. The naked flame was not suitable in this appli¬ 
cation because when the slide was ojirned to provide communication be¬ 
tween the flame and the gas the compressed charge escaped from the cyl¬ 
inder with enough pre.sstire to blow out the flame at limes and thus cause 
irregular ignition. When the flame was h<ni-*^ed in a platinum lube it was 
protected from the direct action of the gas, and as long as the tube was 
maintained at the proper point of incandescence regular ignition was ob¬ 
tained. Diesel and other engineers utilized the property of gases firing 
themselves if compressed to a sufficient degree, while others depended upon 
the heat stored in the cylinder-head lo fire the highly compressed gas. 
None of these methods were practical in their application to automotive 
engines because they did not permit flexible engine action which is so desir¬ 
able. At the present time, electrical ignition systems in which the com* 
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pressed gas is exploded by the heating value of a small but intense electric 
arc or spark in the cylinder are standard, and the general practice seem*; 
to be toward the use of mechanical prcxlucers of electricity rather than 
chemical producers of current unless the batteries arc used as an auxiliary 
to a generator and kepi cliargc<l by it. 

Electrical Ignition Best.—Two general forms of electrical ignition sys¬ 
tems may he used, the most popular being that in which a current of dec 
tricity under high tension is made lo leap a gap or air s])ace between tlic 
points of one or more sjjarkmg idiigs screwed into ibe c<nnbiisliou-chami>cr. 

The other form, nbich bus been entirelv abandoned in automobile and 

* 

which was never used with airjdanc engine practice, but which is still used 
to some extent <m large stationary or man no engines, is called the low- 
tension system becanse current of low voltage is used and the spark is pro¬ 
duced by moving' electrode*' in the ctntibu'^lioii-cbambcr, which come to¬ 
gether and break to )>ro<luce a spark. Ilecause of this method of operation 
the system \s known as a “tnake and break'* igtrrlion system but is obsolete 
in automotive engines and has never been used in airplane engines to the 
writer's kn<nvledge. 

The essential elemculs of any electrical ignitirm system, either high or 
low tension, are: b'irst. a simple and practical nieili<Kl of current produc¬ 
tion; second, .suitable timing apparatus to cause the spark in the combus- 
tion-chamber to occur at the right |^Olirt iu the cycle of engine action ; third, 
sultal>le wiring and oilier ajijiaratus to Cinive>. coiilml and iutensiry the 
current produce<l by the generator to the sparking member in the cylinder 
and fourth, a rcbable and endiiring sjiarking device in ihc combustion- 
chamber. l*hc various appliances ncces^ary to secure pnnnjil ignition of 
the compressed ga>cs should be ilescribed in some detail because of the 
Importance oi ifie ignition .system. It is patent that the scope <*( a work 
of this character does not permit one to go fully inlo ilie theory and prin¬ 
ciples of operation of all appliances which may he u.sed in ctmuection with 
gasoline nudor ignition, but at the same time it i.s important ihul the ele¬ 
mentary principles be considered to s<jme extent in tirder that (he reader 
should lia\e a pro]>cr understauding of the essential ignition ap])aratus 
The first point C(insiderc<l will be the common methods <if generating the 
eleciricily. then the apiiliances lo utilize il aii<l jirodiicc the rcc|ulved spark 
in the cylinder. Jnasiinich as magneto ignition is almost universally used 
in c(mneclii»n with airfdanc engine igniition il will not be necessary io con¬ 
sider hallcry Ignition system to the same extent, though it has advantages 
()f merit ami an outline of the Delco system and some typical diagrams will 
be given in prt^jicr scipiencc. 

Fundamentals of Magnetism Outlined.—To properly umlcrstand the 
jdicnoiiicn.-i and forces involved in the general Ion of electrical energy by 
mechanical means il is neces.sarv to become familiar with sinnc of the ele- 
meiitary jiriiicijde.s of magnetism ami its rcblion to electricity. The fol¬ 
lowing matter can be rca<l with profit by those who are not familiar with 
the subject. M<jst per.*^<»ns know that magnetism exists in certain sub- 
stances, but many arc not able to grasp the terms used in describing the 
operation of various electrical devices liecatise of not possessing a knowl¬ 
edge of the basic facts n]>on which the action of such apparatus is based. 
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Magnetism us a properly possessed l»y certain substances and ts manifested 
l>y tbe ability to attract and re)>el other mnlerials susceptible to its efTccls. 
Whet) this phenomena is manife>.led by a c< induct or or wire, thnmjjb which 
a current td electricity is flowing it is termed *‘elcctrci-niagnetism/' Mag¬ 
netism and electricity are cln>cly related, e.ach being capable of producing 
ihc other, Practically all of the phenomena manifeslejl by materials which 
possess inagnclic (pialilJcs naturally can be easily reproduced by passing a 
current of electricity throngb a bf»dy Mdiich, when n<M under electrical in¬ 
fluence, is not a magnetic sub'^lanee. Only certain substances show natural 
magnetic i^roperties. these being iron, nickel, ci»balt and their alloys, iron 
pMssessing it in the highest degree. 

Magnetic Substances.—'Die earliest kiicmu siibsianco pos>e>sing mag¬ 
netic properties was a .stone first bmnd in Asia Miiit»r. It was called the 
!o<lcsl(*nc 111 * leading slone. because of its tvndenc>. if arranged so it could 
l»e nioverl freelv, rd pointing one jiarticular jiorOon tr^ward llic north. The 
comiiass <d the ancient Chinese mariners wu.s a jnece (d this nialcriat, now 
known fo be irr>n ore. siisj tended by a light threail oi* flnate<( r»ii a cork in 
^nme li<piid so one eml woid.l point toward the north magnetic j'ole of the 
ciirlb, The reason that this sli>ne was niaguelic was hard to define for a 
lime, until it was leanieil that the earth ^^:ls one huge magniet and that the 
iron ore, bong ]mrtienlarl\ snse<*ptible to magnetism by imhiclioii. absorlicd 
•lud retained some <d this magnetism. 

Magnetic Lines of Force.- Most of ns are familiar with sonic of the 
|iroj»erties *d the iM.agnet beeausi* <d the extensive sale and use of small 
horseshoe magnets as tnvs As they only co^l a few pennies every one 
lias owiU'fl one at some time or iitlier aiul has eNjiernneiited with various 
Miatenals to sec if they would be allracte<l. .'small pieces of iron or sice! 
were (jnirlsly attracted ti> tlie magnet and adhered to the pidc jneccs when 
brought withm the 7oiie rd magnetic inlliience. It was soon learned that 
brass, eopi>er, tin or 7uic wvre not alTected hy the magnet. A simple ex- 
ta'riincnl ilint ser\cs to illustrate magnetic altractiou of several substances 
IS sIkomi at A. Fig. ]?? In tins, .several lialls arc lumg from a slanilard or 
'iipjjort, one of these being o{ iron, another of steel. When a magnet is 
bnmght near either of these they will be aliractcd toward it, while the 
others will rcinani hiclitVereiil to the magnetic force. J'Nperinicnters soon 
Icanicfl that of the coninion metals only iron or steel were magnetic. 

U the ordinary* bur or horseshoe magnet be carefully e.samincd, one cud 
will be finiml to be marked N. This indicates the north pole, while the 
oilier end is n<d usually marked and is the south pide. If (he north pole 
d one magnet is brought near Ihc sontU pole of another, a strong attraction 
will exist between them, tins clej>ending ui»on tlie size of the magnets used 
and the air gap sejjarating the poles. If the south pole of one magnet is 
I •rough! close t»i the end of the same t>olarity id the other there will be a 
l^rimouiiccd rctnilsiim or a lack of attraction of some force. These facts are 
easily proved by the simple cxjicrimcnt outlined at B. Figr 155. A magnet 
will only attract or influence a siib.strmce having similar ijualitics. The like 
poles of magnets will repel each other because of the obvious impo.ssibillty 
•d uniting two influences or forces of practically ci|ual strength but flowing 
in opposite directions. The unlike poles of magnets attract each other be- 
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cause the force is 6owing; in the same direction. The flow of magnetism 
is through the magnet from south to north and the circuit is completed by 
the flow of magnetic influence through the air gap or metal armature bridg¬ 
ing it from the north to the south pole. 

Zone of Magnetic Influence Defined.—Magnets are commonly made in 
two forms, cither in the shape of a bar or horseshoe. These two forms are 
made in two types, simple or compound. The latter are composed of a 
number of magnets of the same form united so the ends of like j)olarity arc 
placed together, and such n construction will ho inure efficient and have more 
strength than a siiiijilc magnet of the same weight. The two common forms 
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Fig. 15S.^Two Simple Experiments to Demonstrate Various Magnetic Phenomecu 
and to Clearly Outline Plow of Magnetism and Various Forms of Magneta 









TKK MACNKTIC CIRCUIT .Vi3 

of simple and compound magnets arc shown at Fig. 155 C. The zone in 
which a magnetic influence occurs Is calletl the magnetic field, and this force 
can he graphically shown hy means of imaginary lines, which are termed 
' lines of force.** As \^ill he seen from the diagram at Fig. 155 D, the lines 
show the direction of action of ihc magnetic force and also show its 
strength, ns they are closer together and more numerous when the intensity 
of the magnetic field is at its maximum. A simple method of demonstrating 
the presence of the force Is to lay a piece *)f thin paper over the pole pieces 
of cither a bar or ht»rseshi»e mugnet an<l si»rluklc fine iron filings on it. The 
l>articleR of metal arrange themselves in very much the manner shown in 
the illustrations and prove that the magnetic field actually exists. 

The form of magnet nsp<l will materially aiTccl the size and area of the 
magnetic field. Tt will he noted that the fieltl will he concentrated to a 
greater extent with the ImrseNhtw* form hccause of the j>roximity of the 
poles. It sh<ndd he undersitMHl that these lines have no actual existence, 
hut arc imaginary amf asMinicd u> exist only to show the way the magnetic 
field Is distrihnlcd. The magnetic influence is always greater at the poles 
than at the center, ami that is why a horseshoe or U-fonn magnet is used 
in practically all niagnelos. This greater attraction at the poles can be 
clearly (ieiiionstraic<l hy si»rlukling iron filings on bar ami U magnets, as 
tuitlined at Fig. 155 F.. A large mass gathers at llie pole pieces, gradually 
ta])ering down toward the point where the attraction is least. 

The Magnetic Circuit.—J'Vom the diagrams it will Iw seen tliat the flow 
of magnetism is fr<mi one jK>le to the other hy means of curved paths be¬ 
tween them. This circuit is completed hy the magncti.sm flowing from one 
jiole to the other thnuigh the magnet, ami as this flow is continued as long 
as the liody remains mugiictic it constitutes a magnetic circuit. If this flow 
were teiu))orarily interrupted by means of aconduclijr of electricity moving 
through the field there would he a current c»f electricity induced in 
the conductor every time It cut the lines <»f fi>rcc. There arc three kinds 
• •I magnetic circuits. A mnimagnetic circuit is one in which the magnetic 
influence completes its circuit through some suhstance not susceptible to 
the force. A closed magnetic circuit is one in which the influence completes 
its circuit through some magnetic material which bridges the gap between 
the poles. A compound circuit Ls that in which the magnetic influence 
passes through magnetic substances and nonmagnetic substances in order 
to complete its circuit. 

How Iron and Steel are Made Magnetic.—Magnetism may he produced 
in two ways, by contact or induction. If a piece of steel is rubbed on a 
magnet it will he fouml a magnet when removed, having a north and south 
IKile and all of the properties found in the energizing magnet. This is mag¬ 
netizing by contact. A piece of steel will retain the magnetism imparted 
to it for a considerable length of time, and the influence that remains is 
known as residual magnetism. This property may he increased by alloying 
the steel with tungsten and hardening it before it is magnetized. Any 
material that wdll retain its magnetic influence after removal from the 
source of magnetism is known as a permanent magnet. If a piece of iron 
or steel is brought into the magnetic field of a powerful magnet it becomes 
a magnet without actual contact with the energizer. This is magnetizing 
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l>y niaffnetie induction. If a powerful clcclric current fiows through an 
insulated conductor wound around a piece iron or steel it wiU make a 
magnet of it. This is mngnciizing liy cJectro-niagnellc induction. A mag¬ 
net made in this manner is termed an clcclro-tnngiict and usually llic metal 
is of such a nature that it will not retain Inif a small part of its magnetism 
when ihe current ceases to (low arounrl it. Steel alloyed with tungsten is 
used in all cases where permanent niagtiels arc rcquire<?, while soft iron is 
employed in all cn^rs where an inlenuittent magnetic action is desired. 
Magnettj field niagnels arc always made of steel allov. so treated that it 
will retain its iiiagneli'.m for lengthy jicritKls. Magneto magnets have heen 
known to retain Iheir inugnetisin. willi a very slight loss. fi»r perituls of ten 
years when a''sem)ded on the magneto <>r stored with a keeper across the 
jiolcs. A kee]>rr is sitnply a l»aror bridge of magnetic material. 

Electricity and Magnetism Closely Related.—'Hiere arc many points in 
which magnetism and electric it y arc alike. V'or instance, air is a medium 
lliat offers eimsiderahlc resistance to the jiassage of both magnetic influence 
and electric energy*, alt hough ri ofTers more resistance to (he jiassagc of llu* 
latter. Minerals like iron nr steel arc very ea^-ily inflnenccd by magncli^^iii 
and easily ]H*neirated by it When <»ne of these is pre>enl in the magnetic 
rircnil the magnetisiji will flow through the metal. .Any tnelal is a gr^od 
conductor {<ir the iiassage of the clcclric current, but few metals arc good 
comluctors id magnetic energy. A body of the prt»t>cr metal will become a 
magnet <luc to iiidurtiou if jdaced in the magnetic field, having a sontli t'olc 
where the lines of force enter it ami a north pole where they t»ass out. 

We have seen that a magnet is con«laiMly surroumlcil by a magnetic 
field and that an electrical conductor when carr\ mg a current is also .mir 
nninded by a fiehl of magnetic influence. Now if the conductor carrying a 
current of electricity will imlucc magnetism in a bar of iron or steel, by a 
reversal of this pruccs.s, a niagnctizeil iron or sled l»ar w ill firmluce a cur¬ 
rent of eleclrirrty in acoiidiiclor. It is u|K>n this priiici|ilr that the modern 
dynamo or magneto is constructed. If an elcclro-moiivc ft»rcc is inilucecl 
in a conductor bv moving it acro.ss a fiehl of magnetic influence, or by pass¬ 
ing a magnetic fii'ld near a conduclor. e’ertricily is said to be generate<l 
by magijcto-eleclric induction. AH ineclianical generators id the electric 
current using iicniiaiieiil steel magnets to jinulucc a field of lu.'iguelic in¬ 
fluence are of this type. 

Basic Principles of Magneto Outlined.—The accompanying diagram, 
Kig. 156, will show these ]jriiici|des very clearly. As .staled on a jircceiliug 
page, if the lines of force in the magnetic field aro cut hy a suitable con¬ 
ductor an electrical inijuilsc will be produced in that conductor. In this 
simple machine the lines of force exist between the jioles of a horseshoe 
magnet. The conductor, which in this ca.se is a hK*p of copper wire, is 
mounted upon a spindle in onler that it may he rotated in the magnetic 
field to cut the line.s of magnetic influence present between the jiolc pieces. 
Both of the ends of this loop are connected, one with the insulated drum 
shown upon the shaft, the other to the shaft. Two metal brushc.s are em¬ 
ployed to collect the current and cause it to flow* through the external cir¬ 
cuit. It can be seen that wbeu the shaft is turned in the direction of the 


HIGH-TENSION MAGNETO OPERATION 


365 


arrow the loop will cut through the lines of magnetic influence and a cur¬ 
rent will he generated therein. The pressure of the current and the amount 
produced vary in accordance to the rapidity with winch the lines of mag¬ 
netic influetjce arc cut. 'Ihc armature of a practical magneto, therefore, 
dilTers materially from that showti in the diagram. A large number of 
loops of wire woiiUi he mounted upon this shaft in onlcr that the lines of 
magnetic inlhience wt>nlcl he cut a greater iiimiher <»f times in a given 






Fig. 156.—Arrangement of Magneto Showing Principal Parts, Simply to Make Method 

of Current Generation Clear. 

period anti a core of iron used as a h.ickiiig ior the wire. This would give 
a more rai>id alternating current and a higher electro-motive force than 
would he the case with a smaller number of loops of wire. 

The illustrations at Fig. 157 show a conventional double winding arma¬ 
ture and field magnetic of a practical magneto in jiart section and will serve 
to more fully emphasize the points previously made. If the armature or 
spindle were removed from between the pole pieces there would exist a 
Held of magnetic influence as shown at P'ig. 155, hut the introduction of 
this component provides a conductor flhe iron core) for tlie magnetic 
energy, regardless of its position, though the facility with which the in¬ 
fluence will be transmitted depends entirely upon the jKJsitlon of the core. 
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As shown at Fig. 157 A, the magnetic flow is through the main body in a 
straight line, while at B. which |>csition the armature has attained after 
one-eighth rcvolution, or 45 degrees travel in the direetton of the arrow, 
the magnetism must pass through in tlic manner indicated. At C. which 
position is attained everj' half revnhitron, the magnetic energy abandons 
the longer path through the IkmIv of tlic c<»re for the shorter passage offered 
by the side pieces, and the field thrown out by the crc»s.s bar disappears. 
On further rotation of the armature, as at D. the body of the core again 
becomes energizc<l as the magnetic liiflmuce resumes its fii>\v through it. 
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Fig. l57.->^howing How Strength of Magnetic Influence and the Current Induced in 
the Winding of a Shuttle Armature Vary with the Fapldity of the Change! of Flow* 




WHY MAGNETO MUST BE TIMED 


367 


These changes in the strength of the magnetic field when distorted by the 
armature core, as well as the intensity of the energy existing in the field, 
affect the windings, and the electrical energy induced therein corresponds 
in strength to the rapidity with which these changes in magnetic flow 
occur. The most pronounced changes in the strength of the field will occur 
as the armature passes from position H to D. because the magnetic field 
existing around tlie core will he destroyed and again re-established. 

Why Magneto Must Be Timed.—During the most of the armature rota¬ 
tion the changes in strength will he slight and the currents induced in the 
wire correspondingly small; but at the instant the core becomes remagnet- 
ized, as the armature leaves i>osition (*. the current produced will be at its 
maximum, and it is necessary m* lime the nitalion of (he armature that 
at this instant one of the cylinders is in properly charged condition to be 
fired. It is imperative that the armature be driven in such relation to the 
crankshaft that each pniductiou of maximum current coincides with the 
Ignition jxiinl, this condition existing twice during each revidution of the 
armature, or at every 180 degrees travel. Each t>o>ilitm shr»wn corresponds 
to 45 degrees travel of the armature, or one-eighth td a turn, and it takes 
just three-cighlhs revolution to change the position from A to that shown 
at D. Thus, a four-cylinder engine ii'^ing a t\v<»-|>oje c)r shuttle armature 
type magneto would re<|urre twd sparks jier revolution and the magneto 
armature would be driven nt engine si><*e<l. The jioint of ignition in the 
cnmbustion-chanibcr w<mld coincide with that of maximum current gener¬ 
ation in the magneto armature, driven by a jHisitivc drive in limed relation 
with tbe crankshaft. All magnetos do not use the wound shuttle or H 
armature. Some utilize a fixed w inding as shown al Eig. 158 and a rotary 
inductor member matlc of two pieces of maguctic material. The core piece 
I'Assiug llirough the fixc<l wiinling has extending pole piece.s and the rotary 
members complete the magnetic circuit at their various positions and pro- 
‘luce rapid reversals of flow of magnetic energy through the core piece 
Inside the winding as indicated by the arrows. 

Essential Parts of a Shuttle Armature Magneto.-^The magnets which 
produce the influence that in turn iTnlnccs the electrical energy in the wind¬ 
ing or loops of wire on the armature, and which may have any even number 
of opi>osed poles, are called field magnets. The loops of wire which arc 
mounted upon a suitable drum and rotate in the field of magnetic influence 
m order to cut the lines of force is called an armature winding, while the 
core is the metal portion. The entire assembly is called the annaturc. The 
exposed ends of the magncls arc called ]M)le pieces and the arrangement 
used to collect the current is either a commutator or a collector. The 
stationary pieces w'hich bear against the collector or commutator and act 
as terminals for the outside circuit arc called brushes. These brushes are 
sometimes of copper, or some of its alloys, because cupper has a greater 
electrical conductivity than any other mclal. These hru.shes are nearly 
always of carbon, w'hich is sometimes electruplato<l with copper to increase 
its electrical conductivity, though cyltnclcrs of ciit)]>cr w*ire gauze impreg¬ 
nated with graphite are utilized at times. Carbon is u.scd because it is not 
so liable to cut the metal of the coininutator as might be the case if the 
contact was of the metal to metal type. The reason for this is that carbon 
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has the peculiar property hi that it materially asf^ists in the lubrication of 
the commutator, an<l heiiiij of soft, iinctiioiift composition, will wear and 
conform to any irregularities on the surface of the metal collector rings 
or commutator segments. 

The magneto in Cfuniium use Ciinsists of a number of horseshoe magnets 
which are compouml in fnrm ami atlache<l to .suitable cast-iron jiole pieces 
used to collect nn<l concentrate the magnetic influence of the vari<ius mag¬ 
nets. Between those iH»le picce.s an armature rotates. This is nsuallv 
shaped like a shuttle, around which are W'ound coils of in.sulatc<l wire. 
These are comjiosoci of a large nnniber of turns and the current produced 
depends in great measure n)Kni the size id the uire ami the mnnher of turns 
per coil. An armature Mimimg of large wire will ilehver a current of great 
amperage, but of small \oltagc- An armature nsouihI with very fine wire 
will ileliver a current of high \ ullage but i»f low ami^erage. In the ordinarv 
form of magneto, such us useil f(»r ignition, the current is alternating iii 
character and the break in the circuit slionbl be tiineil to i'ccur when the 
armature is at tbe point of il> greatest polential nr pressure. Where such 
a generator is ile.signcil for ilireci current jiroduciion as for charging a stor¬ 
age battery the cm Is of the winding' are a 11 ached to the scgmicnt.s of a com¬ 
mutator, but wlieie Ihc iii'*lrnnicnt is flcsignied to ilehver an allcrnaling' cur 
rent one end of tbe wincling is fustcneil to an insulator ring' on one end of 
the armature shaft and the <»lher end is gnmmlcil <iii the frame of tin 
machine. The (|tiaiilily of the current ilcjicuds uptni the strength of the 
magnetic field an<l the number of lines <»f mugnctic influence acting thriutgh 
the armature. The electri»-moiivc force varies as t<j the length of llic arma¬ 
ture winding, the mimbcr <d coils or wuidiiigs used and the mitnher of 
revolutions at which the armature is rotated and ciil< the hncb of force 
The current value in the iniliicl<»r lv|»e magneto ilci»ends uikhi the relalivi* 
number of turns <d wire in the I'riniary un<l secoiidarv j«.>riions of the fixed 
coil and the strength and number of reversals of the magnetic flow Ihrougli 
the core piece. 

Transformer System Uses Low Voltage Magneto.—The magneto in the 
various systems which cmidny a transfornuT coil is very similar to a low- 
tension generator in general construction, and the4;urreiit delivered at the 
terminals sehKnii e\cee<ls lOl) volts. As it r< (|uires niaiiy limes that poten¬ 
tial or pres.surc to leap the gaji which exists hclweeii the jniiiits of the con¬ 
ventional spark])lng. a sei>arale coil is placc<] in circuit to mtrnsify the cur¬ 
rent to one of greater capacity. The essential ]»arls of such a syslcin and 
their rebation to each other are shown in diagrammatic form at Fig. 158 A. 
As is true <jf (iilirr systems the iiiagiietic influence is produced by per¬ 
manent steel magnets clampctl to the caNl-iron pole pieces between which 
the armature rotates. At the t>oint of greatest tKilential in the armature 
winding the current is broken by the contact breaker, which is actuated 
by a cam, and the current of higher value is induced in the secondary wind¬ 
ing of the transformer coil when the h»vv VDliage ctirreiil is passed through 
the primary winding. Most of the inductor type magnetos arc transformer 
coil forms with the coil Iniilt in under the arch of the magnets, 'I'he mag¬ 
netic flow is directly through the coil core, however, instead of passing 
through a wire wound armature of the shuttle type. It will be noted that 
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the points of the contact breaker arc together except for the brief instant 
when separated by the action of the point of the cam upon the lever. It 
ts obvious that the armature wiiuliiig is short-circuited upon itself except 
when the conUct points are sej>arated. While the armature winding is 
thus short-circuited there will bo practically no generation of current. 
When the points are scfmrated there is a sud<leu ih»vv of current through 
the primary wimliiig of the traiisforiuer coil, inducing a secondarv current 
in the other winding^ which can he varied hi strength by certain considera- 
iirnis in the jireliininarv de^Hign of ibe apparatus. 



]56A.>^Diagram Explaining Action of Low-Tension Magneto and Transformer 
Coil Systeniu B^True High-Ten«on Magneto Ignition System. 

Distribution of Secondary Current.—This current of higher potential 
or voltage is conducted directly to the plug if the device is fitted to a single- 
cylinder engine, or tu the di.stnbutor rotor brndi if filled to a multiple- 
cylinder inc»tnr. The dtslrihiiinr ctmsisls of an insulator in which is placed 
a iiumlKT of segments, one for each cylinder to he fired, and so spaced that 
the miinher of degrees between ibem corrcsjKUid to the ignition points of 
the motor. A tw'o-cylln<lcr nuiicir would have two .segments, a tlirec-cyl- 
nider, three segments. an<l soon within the ca]»acity of the instrument. In 
the illustration a four-cybmUT distributor is fitted, and the di.stributing «arra 
1 $ in contact with the segment corresponding to the cylinder about to be 
fired. 

High-Tension Magnetos are Self-Contained.—The true high-tension 
magneto differs from the preceding inasmuch as the current of high voltage 
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is produced in the armature windinit direct, without the use of the separate 
coil. Instead of but one winding, the avmature carries two, one of compare 
ativeiy few coils of coarse wire, the other of many turns of finer wire. The 
arrangement of these windings can he readily ascertained by reference to 
the diagram B. Fig. 1.^. which shows the principle of operation very 
clearly. The simplicity of the ignition system is evident by study of the 
diagram given at Ktg. IfO. One end of the )»rimary winding (coarse wirej 
is collided or grounded to the arniatnre core, and the other passes to the 
insulated part of the inlcrrupler. While in some forms the iiuerruj^ter or 
contact breaker mechanism docs imt revolve, the desired motion being ini* 
parted to the cunlact lever to scjiarate the |Hnnts of a rcv<dvnig cam, in 



Pig. t$8C.^How Rotary Inductor Member CKangts IKrectioa of Magnetic Flow 

Through a Fixed Winding. 

this the cam or tripping mechanism is .Mathmary or capable of only an 
oscillating or rocking motion to a<lvance or retard the timing and the con* 
tact breaker revolves because it i.s joined to the armature .shaft and must 
revolve with it and at the same s])ccd. This arrangement makes it possible 
to conduct the current from the revolving primary coil to the Interrupter 
by a direct connection, eliminating the use of brushes, which would other- 
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wise be necessary. In other forms *»i tins ai»|»liaiK*e where the winding is 
'lationary, the iulerniptcr may l>c oj>craled by a revolving cam, though, if 
’lesired. the Mse i>f a Itnisb at this w*ill permit thit? cooslrnctlon with 

i revolving winding. 

Function of Make and Break. —nuring the revolution of the armature 
^he grounded lever makes and breaks contact with lUe insulated point, 
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short-circuitm^ the primary \vin<linff upon itself until the armature reaches 
the pro]>cr jjositioii of niaxiinum ititcnstly of current production, at which 
time the circuit is liroken, as in the former instance. One end of the sec¬ 
ondary winding (fine wfro» is gn»undc<l on the live end of the primary, the 
other end l>eing attaclH*<l the rvviilving arm of the <lisfrdnitor mechanism 
as shown at Kig. Uj(). So long ns a closed circuit is maintained feehle cur¬ 
rents will pass through the primary winding, and so long as the contact 
Iioinls are t<ig^elhcr this condition will exist. When the current reaches its 
niaxinnitn value, hccausc of the armature being in the hesi position, the 
cam operates the inlemipter am! tlic |x»inls arc separated, breaking the 
short circuit nliich has csisicd in the orimarv winding 
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Pig. 160.—‘Simplified Diagram Showing Action of Robert Bosch High-Tension 

Magneto. 

Thr secoinlarv circuit has been opm while the «li'*lnbiilor arm ha< 
moved from one contact to nnollier ami there has bee n no f1t»vv of energy 
through Ihi.s winding While the electrical piT><«re will r}>c in Ihis, even 
if the dislrilnilor arm ctmiucted with one of the ‘•egmenis, lliere wamhl be 
1)0 Rfiark at the i>lng until the coiMnct points scpara(e<l, localise the current 
in the soc<mdarY winding would not be of sunicicnl strength. When the 
interrupter operates, however, the maximum primary current will he 
diverted from its short circuit and can flow t<» the ground only ihnnigh the 
secondary winding and sparkplug circuit. The high iircssure mnv existing 
In the secondary winding will be greatly increased by the sudden flow of 
primary current, ami energy of high enough |K»lential t<i successfully bridge 
the gap at the plug is thereby pro<Uicv<1 in the winding. 

Advantages of Magneto Ignition.—The advantages of high tension mag- 
ncto ignition may he summarized as follow.s:— 
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1. The magneto constitutes a s el {'Contained spark generator, obtaining 
its primary current by magnetic induction. 

2. Magneto ignition presents the minimum of fire hazard. 

3. The spark produced by the aircraft magneto is well over the mini¬ 
mum energy reqiiire<l to ignite any fuel Mend at any compression ratio and 
at any engine speed, eonsistent with modern aeronautical engine practice. 

4. The primary and hence the secondary (high tension) current value 
increases in jiroportion to the spee<l of the magneto up to a certain point, 
where the value retnuins practically constant throughout the number of 
revolutions per inimitc recpiired of the m^ulern aeronautical engine. 

5. Dependability, simjdicity of construction, accessibility, case of servic¬ 
ing, and low maintenance ciists. arc five of the features influencing the aero¬ 
nautical engine designer in his choice of magnetos for ignition. 

fi. J'radically every nuHlcrn aeronautical engine is e<|uipped with mag¬ 
netos. In the great iiiajtirily of cases two separate inagnclos arc mounted 
f»n each engine. There are two reasons for this: first, to provide two in¬ 
dependent high-tension sjiarks. one to each of two sparkplugs located in 
each cylinder; socoinl, to provide a double f,actor of safety. 

Requirements of Aircraft Engine Ignition Systems.—The general re- 
ifui rein cuts of aircraft Ignition are rcliabihly. low vs eight, compactness, low 
cost and adajitaliility. Since the flight of an airjilanc de]>ends upon the con¬ 
tinuous o]>erntion of the powcrplunl. reliability is undoubtedly the most 
iinportaiil requirement of ignition e<|ui]micnt. The increased use of air- 
vraft for commercial pur]HJScs is making the factor of cost more and more 
imijortant. hui, in aircraft, cost can never be placed ahead of reliability. 
'rUi> Is. not always the case in automoti\c vebiclcs. Light weight is also 
an important factor, since the w'cight <d the ignition equipment is parasitic, 
that is. it does not add to the structural strength of the airplane. Compact¬ 
ness is iui]>ortant. for it usually means simplicity as well as reduction in 
weight. As a mutter of productum and maiuletiance cost, the qnostion of 
adaptability of one model to difTerent ty|H’.s of engine is of interest to the 
manufacturers both of ignition eipiipmcnt and of engines. This subject 
was covered in a very coiuidele niainuT by F. Ct. Shoemaker, associate 
tnechatncal engineer of the aircraft jMoverplaut materiel division of the Air 
Corps, statioiic<l at McCook Ficbl, Daytnn, Ohm. in a paper published in 
I he July, 1927, .S'. -•/. E. Jountai from which these extracts are taken. 

Virtually all American aircraft engines with the exceiilion of the 
Liberty-12, have been e<tuipped with two single magnetos, most of which 
were supjdied by the Scintilla Magneto Co., whose Type-AG magneto is 
regarded as the licst single aircraft magneto available in ]>nHluctlon quan¬ 
tities in this country. The trend of develojuneul of all aircraft equipiuent 
is to reduce the size and weight and to incrca.'^e the reliability and output; 
and this has been the object of the work on ignition i\onc by the materiel 
division of the Air Corps. 

Too great spark energy may cause "overlapping.** which, with battery 
Ignition, results in burning of the breaker contacts, and, in magneto igni¬ 
tion. reduces the intensity of alternate sparks. For ignitum of supercharged 
^'ugine.s at high altitude where the air density is much rciluced. the air in- 
''ulaiion of the ignition system is much less efTcctive than at sea level, and 
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a flash-over distance to ground of roughly 0.75 in. is required. Coil failures 
will result unless the length of the coil is increased to provide this gap or 
all the aif'Spaces are filled with some iusiilating material. 

Magneto vs. Battery Ignition.—'I'he follnwiiig hricf stalernents outline 
the situation as rcg.ards the application of hnttcry or magneto ignition to 
aircraft engines, no attempt being ma<le to draw conclusions: 

n) No evidence indicates that the sparkplugs know where the sparks 
come from: ihcrcforc, one gj)Oil spark is e<iual to an(''her good spark 

(2) 1'housauds of engines are operating satisfactorily on magneto and 
on battery ignition systems 

f.3> When electrical e(|uipmcnt is required for radio or lights, the bat¬ 
tery ignition system should not be charged with any of the battery 
or generator weight, as this cannot be reduced by using magnetos. 
Tlierebjre battery ignition is lighter than magneto ignition as now 
available 

(4) When radio shielding is rcrpiired, the additional shielding of the 
generator and of the lighting circuits, required with l>attery ignition, 
may offset the additional weight (»f magneto ignition 

fS) The sparking rates of high-speed multiple-cylinder engines arc aji- 
proaching the limits obtainable fmm one j>resent-typc batlery ig- 
nitum-coil operating at fnmi twelve to fifteen volts. The sjieccl 
limitations of magneto ignition arc princijially mechanical and are 
not likely to be reached soon 

(6) Haltery ignition tioes not recjuirc a haml-startiiig m.agneto 

(7) The sparking ability of a magneto is not tlcpcndent on a batlery 
and therefore is not aflectcd by long i>eriods of storage or Idleness 

(8) A battery ignituni system is chcajier tb.m a magneto system. 

This list can be a<lded to inclefinitely. but the above considerations arc 
enough to show that the choice between batlery and magnieto igmilion de- 
]iends almost entirely on factors asi<lc from that of spark intensity, which 
is the usual subject of controversy. The real factor to be considered is 
weight and if a sPirage battery and generator niu>t lie carried for lighting, 
starting or radio, then it is a nuK»t question as to supjdying niagnietos i»r 
coil and distributor ignition. The folhnving tabulation, given by Mr. Shoe¬ 
maker gives comparative weights of various ignition systems ajjplied to 
poptilar makes of aircraft engines. 

rOMPARATlVlC WRKiHTS—BATTERY AND MAHNKTO ICNITION; 

Drlfo Itniiiton-Ihsirtintlitr on CurtiM /Mi flmiitir 


2 Dfico laiiitMin-lhsiributor A*>^oiii1dies 10.0 

2 l)mnlnilt>r-l)Tivi* A'.sciiiUlir'; nml AUapUr.^ 5-5 

2 HtKloTension Coils 4.4 

1 Switdi 1.2 

Total 21.1 

S/>f^dftrf .9.V-12 Cvrtixs />«I2 Ew*/rwr 

2 Sp1it<lorf SS-li Mauiieio 28.2 

2 ( niipline nml Drive Av>riiil4u-^ 2.0 

2 Moumiiifr* Bracket H 2.5 
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1 Switch 1.2 

I Starting-Magneto 9 \ 

Total 43.0 

S^litdorf IV-1 a» Curtis/ P-XZ liutiinr 

I SplilHorf VA-1 MagiiHo 15.S 

1 Magneto Adapter* I’lhiiKc and Drivc-Conplmg 

2 DrMribiitor-lVrvp Asscmhlic* 4.$ 

2 niMrihutor-Hca<U and Rotora 3.0 

1 Switch \2 

1 Starting-Magneto K\ 

Total 34.2 

Detrf) for PtitkArd 1500 nriff 2500 t'.nfiittr/ 

2 lgiii1ioii*I>istr»l»iMr«rs lUO 

2 lligli-Tensiou ("oiU, Ty(>p I) 4 4 

t Switch 1.0 

Total 154 

SritiliUa .Ic. \2-P Sof/l,’ Mai/tirtos f*it Ptitkord 1500 Jutiiiiu' 

2 Si'iniillu-At* 12*l> Smcle Magi»cn»N 20 A 

2 (*fKipling «iiifl Hrive .\$scmhhca 3.11 

1 Mounting* bracket 12.0 

I Swilrh 1.2 

I Starting* Magneto A.1 

Tcital 54.1 


From the (cireifoinj; tahulalioti. It Is seen that battery Ipnltion, exclusive 
of fjenerator an<l battery, weighs less than oiic-half that of the equivalent 
magneto ignition, when two single inagiiclos are used, and not more than 
two-thirds as much, when a double inagneln is considered, though this does 
not seem to Ijc an exactly fair coinparison. With an ignition battery and 
generator, the battery ignition system has about the same weight as the 
double magneto installation. As the battery ignition system would be in¬ 
operative without a batten' and as the battery requires constant charging 
by a generator to maintain its charge or current output strength, battery 
ignition is ju.stified, in the opinion of the writer, only w'hcn a battery is 
needed for radio or electric starting and lighting systems as the total weight 
IS as great as the double magneto installation. When an electric starter is 
used, the battery ignition method would be lighter because the one battery 
and generator would serve for ignition as well as starting. 

Modem Engines Require Many Sparks.—The chief requirements of 
mechanical de.sign are speed, rugged con .struct ion, simple mounting, light 
rotating parts, resistance to vibration, ample lubrication, freedom from 
moisture and fireproof ventilation. The first problem encountered in de¬ 
veloping aircraft ignition apparatus is that of operating continuously at 
high speed. A twelve-cylinder aircraft engine cruising at I..S00 r.p.m. re¬ 
quires 9,000 sparks per minute, or l.SO per second. In pursuit planes, when 
•living at full throttle, the engine speetl may easily reach 3.0U0 r.p.m.. re¬ 
quiring 18.000 sparks per minute, or 300 per second, whereas the normal 
'peed for such engines is approximately 2.000 r.p.m. There is good reason 



376 


MODERN AVIATION ENGINES 


to believe that normal speetls of 3,000 r.p.ra. will he reached in a few years? 
so that the requirements for hi^h speed are still risin^r. 

In en^nes weighing two |K>uiid.s per horse|xnver or less, the mass of the 
engine is small, compared with the inertia forces and torque reactions; con¬ 
sequently, vibrations of very high fre<iuency arc likely to he encountered. 
Such vibrations rf<|iiire c»nly a short time in which to develop fatigue fail¬ 
ures in parts such as juoniiling flanges, coil leads, ccmdcnscr terminals, and 
the like, unless great care is taken to prevent re|>ealed reversals of the 



Fig. 161.—Berltng Two Spark Ignition System. 


stresses near the fatigue limit of the material. Exi>cricucc has shown that 
ordinary autoniohdc igiiitum eqiiipnieut is entirely iiiisinied to aircraft 
service on this actunit. The coiidtructicin throughonl luusl he ol the most 
rugged type. Whenever pcjssihlc. integral c^>u^l^l 1 cl 1 cm .^ihould he usc<I. 
such as casting the body, p<de-picces and end fratne of a magneto as a 
single unit. Studs with castellated nuts arc preferable to screws and lock- 
washers for joining major parts. Apiiarenlly. every increase in engine 
speed protluces a new list of vibration failures in equipment that had pre¬ 
viously given no trouble whatever at the lower .speeds. 

Magneto Drive Important Problem.—As a result of the necessity for 
low weight, the crankshaft and the acce.ssory drives are as small as possible 
and are therefore subject to rapid torsirmal vibrations. The twdst of a 
twelve-cylinder engine crankshaft at full lhn»ule may exceed ± two de¬ 
grees at each power-impulse. Uccause of such variations in angular veloc¬ 
ity transmitted to the ignition drive, il is essential that the moment of in¬ 
ertia of the rotating parts he kept as low as possible, to reduce the size and 
weight of the drive required. In some cases, it is necessary to introduce a 
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flexible coupling between the crankshaft and the magneto. This distortion 
is so serious with the JJbcrty-twelvc engine that an attempt to use mag 
netos was abandoned an account of drive failures. A multitu<lc of flexible 
magneto couplings are available hut few arc free from trimhU* in service. 




Pig. 162.—Berling Double Spark Independent System. 

Too much flexibility allows tl»e spark advance u.'uubT about ns'CT a con¬ 
siderable range above an<l below l)>c clesirc<l |>oinl. Tin's may cau^e engine 
HMtghticss, as the sfiarks that occur in the extreme advance position cause 
those particular cvhiulers to iletonnle. A very good drive for tvvij niugncUis 
Is shown at Fig. U>3. this being a foreign design ami used on Lorraine avia¬ 
tion engines with great success, 

If the flexible colliding can be di.sjien.scd with, a simple llange-mounting, 
with a drivrng“.s])liiie or gear directly on the rotor shaft, can be adopted. 



Fig. l63.^Trpical Method of Driving Two Ueffnetot from a Crou Shaft Driven by 

S^ral Cearing from the Engine Crankthaft. 
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This reduces the necessity for a heavy shelf or bracket that is required with 
the conventional base-moiintintt. and the direct drive eliminates the use of 
an intermediate driveshaft assemlily. Ity slottinj; the holes for the tnagnetn 
flange-bolts, a simple means is provided for the accurate adjustment of the 
timing. 

Lubrication Problem DifRcuh.—It is a very difficult problem to assure 
ample lubrication of the bearings, cam and hreaker-arm while preventing 

from creeping into the distributor or on to the contacts. Both magneto.^ 
and distributors, as ordinarily installed, run at a fairly high temperature 
and the oil creep.s wherever possible. The presence of }>arls carrying high 
voltage causes corona <lischarges. which, through their acti<»n on the oxy¬ 
gen and moisture in the air, cau.se the oil or grease to form gummy cleposits 
i»n the bearings and expcfscd .surfaces. milc<^s the apparatus is well venti¬ 
lated and the oil supply re|dcnished. The jircscnce of moisture inside ;i 
magneto or distributor is objectionable on account of the leakage of elec¬ 
tricity across the moist insulation, and the rusting of the inelal parts and 
bearing surfacc.s. The crankcase vapors arc completely .saturated with 
water vapor, which condenses as soon as it strikes a coo] surface; and great 
care is necessary to prevent leakage of these vapors into the interior of the 
ignition system, particularly when a direct Hange-inciunting is usc<l. Mnis- 
Cure may also form on the interior surface hecausc of "liroaihing,'* or the 
passage of air into and <iul of the magneto us it cools off or becomes heated 
hy the operation of the engine. To prevent this formation of moisture anil 
to eliminate the corrosive gases, a certain ununnit of ventdatiun i.s required 
through properly located ventilating holes. But those ventilating holes 
are themselves nui entirely iniHKcnt of trouble. They must Ut properly 
.shielded to prevent flames from I'cing blown out through the vent holes in 
case a leakage of gasoline occurs and the sparks in the distributor ignite 
the vapors in the magneto, thu.s causing an e.vplo.sion. 

Electrical Requirements Exacting.—The electrical requirements for air¬ 
craft ignition systems arc considerably more exacting than those for other 
types of engine. The importance of engine reliability and the necessity 
for at least tNvo spark)dugs in each cylinder, to assure rapid combustion 
without detonation. r<H|uirc two iiulepeudeni electrical .sourco.s of sparks. 
The high operating .speeds of the engine require the ni«ignclic and the elec¬ 
trical circuits to be designed fur high-frequency operation. At these fre¬ 
quencies, the hysteresis and eddy-current losses in magnetos may cause an 
undue temperature rise in the coil and i>ole-pieccs. unless the magnetic 
circuit is carefully laminated. Since many engines operate more smoothly 
when the two sparkplugs Arc at sHglilly different degrees of advance, it 
necessary to provide means for staggering the sparks. In some types of 
magneto, the eddy currents in the rotating parts and the high-frequency 
static discharges roughen the bearing surfaces and seriously shorten the life 
of the bearings. This necessitates insulating the ball-bearing races. It is 
generally thought that the greater the energy of the sparks, the better the 
ignition; and this is true for ordinary magneto or coil systems at moderate 
sparking rates. Some slight trouble may result from rapid burning of the 
electrodes of the .sparkplugs when the .H]>arks are very '*fat" and the elec¬ 
trodes operate at a high temperature: but this in itself is not a sufficient 
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reason for limiting the spark energ>'. Before describing the more recent 
magneto designs, it may be well to review the features of earlier designs 
that have been used with engines that are still in use, such as the Curtiss 
OX scries and contemporary pou erplants. 

The Berling Magneto.—The Berling magneto is a true high tension type 
delivering two impulses per rcvoluiioii. 1ml it is nuidc in a variety of forms, 
both single and double spark. Its principle uf action docs not difTer in 
essentials from the high tension type previously described. This magneto 
Is used on Curtiss 0X5 aviation engines and will deliver sparks in a positive 



manlier sufllclent to insure ignition of engines up to 200 liorsc|>o\vcr and at 
lotalivc speeds of the nuaguclo armature up to 4.000 r.p.tn. which is suf¬ 
ficient to take care of an eight-cylimlcr \’ec-enginc rumiing \x]> to 2,000 
r p.m. The magneto is driven at crankshaft speed on four-cylinder engines, 
•d l}4 times crmikshafl s)>ec*cf on six-cylinder ciigine.s and at twice crank- 
^haft .speed on eight-cylinder \>f-lypes. The ly|K's “ll** and "DD** Berling 
magnetos arc interchangeable with corresponding inagnelos of other stand- 
m'd makes. The dimensions of the four-, six- and eight-cylinder types 
•D" and *'I>D" are all the same. 

The ideal method of driving the magneto is by means of flexible direct 
connecting coupling to a j*haft intcnde*l fi>r the i>unK>sc of driving the mag¬ 
neto. As the magneto must be driven at a bigU spcc<l. a enujiltng of some 
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flexibility is preferable. The employment of such a coupling will facilitate 
the mounting of the magnclo, because a small inaccuracy in the lining up 
of the magneto with the <lriving shaft will be taken care of by the flexible 
coupling, whereas with a perfectly rigid coupling the Hnc-up of the magneto 
must be absolutely accurate. Another advantage nf the flexible coupling 
is that the vibration of the motor will not be as fully transmitted to the 
armature shaft on the magneto as in case a rigid coupling is used. This 
means prolonged life for the magneto. 

The next best method of driving the magneto is by means of a gear 
keyed to tbc armature .shaft, When ibis mcthiKl of driving is employed, 
great care must lx* osercisvcl in prcividtng »»nfificieiii clearance Ijctween the 
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Fig, 165.—'Wiring Diagram of Berling Magneto System. 


gear on the magneto ami the driving gear. If there should be a tight spot 
between these two gears it will react disadvantagcously on the magneto. 
The third available inethml is to drive the magneto by means of a chain. 
This is the least ilcsirablc of the three methods and should be resorted to 
only in case of absolute necessity. Jt is difltcull to provide sufficient clear¬ 
ance when using a chain without rendering the timing less accurate and 
positive. 
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Two Spark Independent Magneto.—^Fig. 165 A. "'A*' shows dtagrammati- 
cally the circuit of the *'D*' ty|>e twn>spark independent magneto and the 
switch used with it. In position OFF the primary winding of the magneto 
IS short-circuited and in this p<isition the switch serves as an ordinary cut- 
nut or grounding switch. In ]K>sition *‘1" the switch connects the magneto 
in such a way that it operates as an ordinary singlcrspark magneto. In 
this position one end of the secondary winding is grounded to the body of 
the motor. This is the starling position. In this position of the switch the 
entire voltage generated in the magjieto is concent rat e<l at one sparkplug 
instead of being divided in half. With the motor turning over very slowly, 
as is the case in starting, the full voltage generated by the magneto will 
not in all cases be sufficient to bridge siinultancously two spark gaps, but 
IS amply sufficient to bridge one. Also, this position of the switch lends to 
retard the ignition and should be used in starting to jnevrnt backfiring. 
With the switch in po.sition the magneto applies ignition to both plugs 
in each cylinder simultaneously. This ks the norma) running position. 

Two-Spark Dual Magneto.—Fig. 165 B shows di.’igramiuatically the 
circuit of the type “DD" Bcriing high-tension two-spark dual magneto- 
This type is recommended for certain types of heavy <lnly airplane motors, 
which it is impossible to turn over fast enough to give Ihr magneto suf- 
Ik lent speed to generate even a single spark of volume great enough to 
Ignite the gas in the cylinder. The dual feature consists of the addition to 
the magneto <if a battery inlcrruiitcr. The c(|uipmenl consists <)f the mag¬ 
neto. coil and special high-tension switch. The coil is in tended to operate 
on six volts. Hither a storage battery or<lry cells may be used. 

With the switch in the C>FF position, the magneto is grounded, and the 
battery circuit is open. With the switch in the second or battery position 
marked one end of the .secondary wimliug of the magneto is 

grounded, and the magneto operates as a single-.spark magneto delivering 
high-tension current to the inside distributor, and the battery circuit being 
closed the high-tension current from the coil is delivered to the outside 
• listribiitor. In this ])Ositioti the battery enrrent is supplied to one set of 
sparkplug.s, no matter how slowly the motor is turned over, but as soon as 
the motor starts, the magneto supplies current as a single-s]iark magneto 
to the other set of the sparkplugs. After the engine is running, the switch 
should be thrown to the position marked The battery and coil arc 

then disconnected, and the magneto furni.shes ignition to both plugs in each 
cylinder. This is the normal running position. Either a nonvihratiiig coil 
type “N-l" is furnished or a combined vibrating and nonvilirating coil 
type “VN-1,” 

Setting Berltng Magneto.—The magneto may be set according to one 
of two different methods, the selection of which is, to some extent, gov¬ 
erned by the characteristics of the engine, hut largely due to the personal 
preference on the part of the user. In the first method described below, the 
most advantageous position of the piston for fully advanced ignition is de¬ 
termined in relation to the extreme advanced position of the magneto. In 
this case, the fully retarded ignition will not be a matter of selection, but 
the timing range of the magneto is wide enough to bring the fully retarded 
ignition after top-center position of the piston. The second method for the 
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setting of the magneto fixes ihe fully retarded position of the magneto in 
relation to that position of the piston where fully retarded ignition is de> 
sired. In this casc» the extreme advance position of the magneto will not 
always correspond with the best position of the piston for fully advanced 
ignition, and the amount of advance the magneto should have to meet ideal 
requirements in this respect must be determined by experiment. 

First Method: 

1. Designate one cylinder as cylinder No. 1. 

2. Turn the crankshaft until the piston in cylinder No. 1 is in the posi¬ 
tion where the fully advancc<l spark is desired to occur. 

3. Remove the cover from the distributor block and turn the armature 
shaft in the direction of rotation of the magneto until the distributor finger¬ 
brush comes into such a jiosition that this brush makes contact with the 
segment which is connected to the calde terminal marked "I.” This is 
either one of the two bottom segments, depending upon the direction of 
rotation. 

4. Place the cam housing in extreme a<lvancc, i.e.. turn the cam housing 
until it stops, in the direction opposite to the direction of rotation of the 
armature. With the cam housing in this position, ojicn the cover. 

5. With the armature in the approximate ^wsition as described in ‘'3,'* 
turn the armature slightly in either direction to such a point that the 
platinum points of the magnct<» iiiterrnpter will just begin to open at the 
end of the cam, adjacent to the fiber lever on the interrupter. 

6. With this exact |>osition of the armature, fix the magneto to the driv¬ 
ing member of the engine. 

Second Method: 

1. Designate one cylinder as cylinder No. 1. 

2. Turn the crankshaft until the piston in cylinder No. 1 is in the posi¬ 
tion at which the fully retarded sj)<irk is desired to occur. 

3. Same as No. 3 uinlcr ]*ir.st Method. 

4. Place the cam housing in extreme retard, i.e., turn the cam housing 
until it stops, in the same direction ns the direction of rotation of the arma¬ 
ture. With the cam housing in this position, open the cover. 

5. Same as No. 5 under First Mcthixl. 

6. Same as No. 6 under First Method. 

Wiring the Magneto.—^The wiring of the magneto is clearly shown by 
wiring diagram. 

First determine the se<|uencG (»f firing for the cylinders and then connect 
the cables to the sparkplug in the cylinders in proper sequence, beginning 
with cylinder No. 1 marked on the distributor block. 

The switch used with the independent type must be mounted in such 
a manner that there will be a metallic connection between the frame of the 
magneto and the metal portion of the switch. 

It is advisable to use a separate battery, cither storage or dry cells, as 
a source of current for the dual equipment. Connecting to the same battery 
that is used with the generator and other electrical equipment may cause 
trouble, as a **ground'' in this battery causes the coil to overheat. 



CARE OF BERLTNG MAGNETO 383" 

Berling Magneto LubricatiotL—-Use only the very best of oil for the oil 
cups. 

Put five drops of oil in the oil cup at the driving end of the magneto for 
every fifty hours of actual running. 

Put five drops of oil in the oil cup at the interrupter end of the magneto, 
located at one side of the cam housing, for every hundred hours of actual 
running. 

Lubricate the embossed cams in the cam housing with a thin film of 
vaseline every fifty hours of actual running. Wipe olT all superfluous 
vaseline. Never use oil in the interrupter. Do noi lubricate any other part 
of the interrupter. 
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Fig. 1S6.—Berling Magneto Breaker Box Showing Contact Polnte Separated, and 

Interruptor Lever on Cam. 


Adjusting the Interrupter.—With the fiber lever in the center of one of 
the embossed cams, as at Kig. Uib. the opening between the platinum con¬ 
tacts should be not less than .016 inches and not more than .020 inches. 
The gauge riveted to the adjusting wrench should barely be able to pass 
between the contacts w'hcu fully open. The platinum contacts must he 
smoothed off with a very fine file. When in closed position, the platinum 
contacts should make contact with each other over their entire surfaces. 

When inspecting the interrupter, make sure that the ground brush in the 
back of the interrupter base is making good contact with the surface on 
which it rubs. 

Cleaning the Distributor.—The distributor block cover should be re¬ 
moved for inspection every 25 hours of actual running and the carbon 
deposit from the distributor finger-brush wiped off the distributor block 
by rubbing with a rag or piece of waste dipped In gasoline or kerosene. 
The high-tension terminal brush on the side of the magneto should also be 
carefully inspected for proper tension. 
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Locating^ Trouble.—Trouble in the ignition system is indicated by the 
motor '‘missing/’ Mopping entirely, or hy inability to start. It is safe to 
assume that the trouble is not in the magneto, and the carburetor, gasoline 
supply and sparkplugs should first be investigated. 

If the magneto is suspected, the first thing to do is to determine if it will 
deliver a spark. To determine this, disconnect one of the high-tension 
leads from the sparkplug in one of the cylinders and place it so that there 
is approximately one>sixteenth inch between the terminal and the cylinder 
frame. 

Remove the sparkplugs from the other cylinders to jjrcvent the engine 
from firing and turn over the engine until the piston is approaching the end 
of the compressitm slmlce in the cylimler from svhich the cable has Ijcen 
removed- Sol the magneto in llie advance po.sition anil r.aptdiy rock the 
engine over the lop-center )H»si(ion. observing cbjscly if a .spark occurs be¬ 
tween the end of ihe high-lension cable and Ihe frame. 

If the niagnelo is of the dual type, the trouble may be cither in the 
magneto or in the battery or coil system, therefore disconnect the battery 
and place the switch In the position marked "MAG/* The magneto will 
then operate as an in<lcprndcnt magneto and should spark in the proper 
manner. After this the battery system should be investigaled. To test the 
operation of the battery and coil, examine all connections, making sure that 
they arc clean and tight, and then with the switch in the “BAT.*' rock the 
piston slowly back an<l forth. If a tyt*c "VN-T* coil is used, a shower of 
sparks should jump lietween tlie hlgh-tenbion calde terminal and the cyl¬ 
inder frame when the jdston is in the correct position for firing. If im 
spark occurs, remove the cover from (he coil ami sec that the vibrating 
tongue is free. If a type “N-l" coil is used, a single spark will occur. The 
battery should furnish six veils when connected to the coil, and this shouhl 
also be verified. If the coil still refu.scs to give a .spark and all connections 
are correct, the coil should be replaced and the defective coil returned to 
the manufacturer. 

If both magneto and coll give a spark when tested as just described, the 
sparkplugs should be investigated. To do this, disconnect the cables and 
remove the sparkplugs. Then reconnect the cables to the plugs and place 
them so that the frame f>ortions of the plugs arc in metallic connection with 
the frame of the motor. Then turn over the motor, thus revolving the 
magneto armature, and see if a spark is produced at the spark gaps of the 
plugs. 

The most common defects in sparkplugs arc breaking down of the in¬ 
sulation. fouling due to carbon, or too large or small a .spark gap. To clean 
the plugs a .stiff bru.sb and gasoline should be used. The sf>ark gap should 
be about inch an<l never less than %4 inch. Too small a gap 
may have been caused by bcacls of metal forming due to the heat of the 
spark. Too long a gap may have been caused by the points burning off. 
The sparkplug gap recommended by the engine builder should always be 
used because different engines have varying compression ratios and air 
gap resistance increase.s with augmented compression pressure. 

If the magneto and sparkplugs are in good condition and the engine 
does not run satisfactorily, the setting should he verified according to in¬ 
structions previously given, and. if necessary, readjusted. 
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Be careful to observe that both the type “VN-T* and type "N-l” coils 
are so arranged that the spark occurs on the opening of the contacts of the 
timer. As this is just the reverse of the usual operation^ it should be care¬ 
fully noted when any change in the setting of the timer is made. The timer 
<in the dual type magneto is adjusted so that the battery spark occurs about 
five degrees later than the magneto spark. This provides an automatic ad¬ 
vance as s(K)n as the switch is thrown to the magneto jjosition "MAG.'* 
This relative liming can be easily a(ljustc<l by removing the interrupter and 
shifting the cam in the tlircclion desired. 



Pig. 167.—Dixie Model 60 Magneto for Six-Cylinder Airplane Engine Ignition. 


The Dixie Magneto.—The Dixie magnelo, shown at Fig. 167. operates 
on a different principle than the rr»tary armature type. It was used on the 
Hall-Scott and other aviation engines. In this magneto the rotating mem¬ 
ber consists of two pieces of magnetic material separated by a nonmagnetic 
center piece. This member constitnte.s true rotating i>oles for the magnet 
and rotates in a field structure, composed of two laminated field pieces, 
riveted between two nonmagnetic rings. The bearing.^ for the rotating 
polc.s arc mounted in sled plates, which lie against the poles of the magnets. 
When the magnet poles rotate, the magnetic lines of force from each mag¬ 
net pole arc carried directly to the field piece.s and through the windings, 
without reversal through the mass of the routing member and only a single 
air gap. There are no losses hy flux reversal in the rotating part, such as 
take place in other machines, and this is said to account for the high ef¬ 
ficiency of the instrument. 
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And this “Mason Principle** involved in the operation of the Dixie is 
simpHhed by a glance at the field structure, consisting of the nonmagnetic 
rings, assembled to which arc the field pieces between which the rotating 
poles revolve (sec Fig. 169). Rotating between the limbs of the magnets, 
these two pieces of magnetic material form true extensions to the poles of 
the magnets, and arc, in consequence, always of the sasne ])olarity. It will 
be seen there is no reversal of the magnetism through them, and conse¬ 
quently n<i cd<ly current or hystcrc.sis losses which arc present in the usual 
rotor or huluctor The simplicity features i»( construction stand out 


r- 
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Fig. 168.—Installation Dimenuons of Dixie Model 60 Magneto. 

prominently here, in that there arc no revolving windings, a <lctail entirely 
differing from the orthotlox high-tension instnniient. 'I'his sinij)licity be¬ 
comes instantly apparent when it is found that the circuit breaker, instead 
of revolving as it does in other types, is stationary and that the whole 
breaker mechanism is exjwscd by simply turning the cover spring aside and 
removing cover. This makes inspection and adjustment particularly sim¬ 
ple, and the fact that no special tool is necessary for adjustment of the 
platinum points—an ordinary small screwdriver is the whole “kit of tools” 
needed in the work of disassembling or assembling'—is a feature of some 
value. 

With dust- and water-protecting casing removed, and one of the mag¬ 
nets withdrawn, as in Fig. 170, the winding can be seen with its core resting 
on the field ]K)Ie pieces and the primary lead attached to its side. An im¬ 
portant feature of the high-tension winding is that the heads are of insulat¬ 
ing material, and there is not the tendency for the high-tension current to 
jump to the side as in the ordinary armature type magneto. The high- 
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tension current is carried to the distributor by means of an insulated block 
with a spindle* at one end of which is a spring brush bearing directly on 
the winding* thus shortening the path of the high-tension current and elim¬ 
inating the use of rubber spools and insulating parts. The moving parts 
of the magneto need never he disturbed if the high-tension winding is to be 
removed. This winding constitutes all of the magneto windings, no exter¬ 
nal spark coil being necessary. The condenser is placed directly above the 
winding and is easily removable by taking out two screws, instead of being 
placed in an armature where it is inaccessible except to an expert, and 
where it cannot be replacc<! except at the factory whence it emanated. 
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and ff>epari6 of ihe magneto are reduced io a minimum. 


Fig. 169v^Rotating Elements of the Dixie Magneto. 


Care of the Dixie Magneto.^The bearings of the magneto are provided 
with oil cups ami a few drops of light oil every 1.000 miles arc sufficient. 
The breaker lever should be lubricated every 1,000 miles with a drop of 
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light oil, applied with a toothpick. The proper distance between the plat¬ 
inum points when separated should not exceed .020 or one-fiftieth of an 
inch. A gauge of the proper size is attached to the screwdriver furnished 
with the magneto. The platinum contacts should be kept clean and prop* 
erly adjusted. Should the contacts become pitted, a fine file should be used 
to smooth them in order to permit them to come into |>erfect contact. The 
distributor block sIkmiIcI be removed occasionally and ins))ected for an ac* 
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Fig. 170.—Sugaestioni (or Adjusting and Diamantling Dixie Magneto. A—Screw¬ 
driver Adjuitt Contact Points. B—Distributor Blocks Removed. C—Taking off the 
Magnets. O—Showing How Easilsr Condenser and High-Tension Wiring are 

Removed. 


cumulation of carbon dust. The inside of the distributor block should be 
cleaned with a cloth moistened with gasoline and then wi|)cd dry with n 
clean cloth. When replacing the block, care must be exercised in puslnng 
the carbon brush into the socket. 1)0 n<»t pull out the carl>on brushes in 
the distributor because you think there is not enough tension on the small 
brass springs. In order to obtain the most efficient results, the normal set¬ 
ting of the sparkplug |>oints should not exceed .025 of an inch, and it is ad¬ 
visable Co have the gap just right before a sparkplug is inserted. 

The sparkplug electrodes may be easily set by means of the gauge at¬ 
tached to the screwdriver. The seitimf of the sparkplug points is on impiyrtont 
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function which is usually overlooked, with iltc result thol the tttagneto is blamed 
u*hen it is not oi fault. 

Timing of tht Dixie Magneto.—In onlcr to of>Um the utmost efficiency 
from the engine, the magneto must he correctly Umc<l to it. 'riiis operation 
is usually pcrf<jnncil when the tnagneto is fitted to the engine at the fac¬ 



tory. The correct setting uiuy vary according to individuality of the engine, 
and some engines may retiuire an earlier selling in order to ohiam the best 
results. However, should the occasion arise to retime the magneto, the 
procedure is as follows: Rotate the cranks^haft of the engine until one of 
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the pistons, preferably that of cylinder No. 1, is onc«sixtecnth of an inch 
ahead of the end of the compression stroke. With the timing lever in full 
retard position, the driving shaft of the magneto .should he rotated in the 
direction in which it will he driven. The circuit breaker should he closely 
observed and when the platinum contact points are about to separate, the 
drive gear or coupling should he secured to the drive shaft of the magneto. 



Pig. 173.-*How Magneto Ignition was Installed on Early Thomas Morse 135 Horse* 

power "Vee” Engine. 

Care should be taken not to alter the po.sitioii of the magneto shaft when 
tightening the nut to secure the gear or coupling, after which the magneto 
should be secured to its base. Remove the distrilmtor block and determine 
which terminal of the block is in contact with the carbon brush of the dis¬ 
tributor finger and connect with plug wire lra<]ing to No. 1 cylinder to this 
terminal. Connect the remaining plug wires in turn according to (he proper 
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sequence of firing of the cylinders. (See the wiring diagrani for a typical 
six-cylinder engine at Fig. 172.) A terminal on the end of the cover spring 
of the magneto is provulcd (or the purpose of connecting the wire leading 
to a ground switch for stopping the engine. 

A special model i»r type of magneto is made for Vce-engincs which use 
a compound di.strtbtitur construction instea<l of the simple type on the 
model illustrated and a dilTcreut interior arraugemeiil ])ermits the 
production of four sparks i^cr revolution of the rotors. This makes 



Pig. 174.~Rob<rt Bosch Magneto for Ute with CurtiM OX Seriei Engines. 


it possible to run the uiagiicto slower than would he |>ossil)le with 
the two-spark form. The application of two coni|M>uMd distrilnitor mag¬ 
netos of this type to an early Thonias-Morsc 135 horsepower molor of the 
eight-cylinder Vcc pattern is clearly shown at Fig. 173. This type td engine 
is obsolete and tlio Splitdorf magneto has been changetl in the latest forms 
as will be described later in another chaidcr. 

Robert Bosch Magnetos.—The Cnrti.s.s OX scries engines were provided 
with a variety of magnetos, two types of Robert lh»sch magneto installa¬ 
tions being shown at Fig. 174. The Ilosch HE 8bkS52 shown at A gener¬ 
ated four sparks per revolution. As the magneto <lnve of the CurlLss 0X5 
engine runs at twice crankshaft s|>ced. it is necessary to provide a gear re¬ 
duction between the original magneto drive and the Hosch magneto HL8h, 
An auxiliary shaft. sup|>oricd by two ball bearings in an intermediate 
bracket, drives the redurtum gears which are enclosed in a gear housing. 
For noiseless operation and to prevent rapid wear, the large gear is made of 
micarta. Since the gear htnising is fdled with lubricating grease, the gears 
do not require attention for a long time. 1 he ball hearings of the auxiliary 
shaft need no attention at all because they are packed with a special heat re¬ 
sisting grease US 501. which must be replaced only when the unit is disas¬ 
sembled for a general overhauling. The magneto can be furnished with a 
Hand Starting Magneto Type AM I/l and Switch WZ 14016, both of which 
can be mounted on the instrument board near the pilot s seat. 
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The Curtiss OXX6 engine requires two of the HL 8hS50 magnetos 
shown at Fig. 174 B. The one in front rotates anti-clockwisc» the rear mag¬ 
neto rotates clockwise. They are provided with a sjiccial base plate. 

The magnetos can he furnished with a Hand Starting Magneto and 
Switch, both of which can be installe<l as previously indicated. The instal¬ 
lation of the hand starting magneto ]>rovides easy startnig. even if the en¬ 
gine is cold and when there is no help available to throw over the propeller. 
.\.s soon d.s the engine cylinders C(»ntuin ignilable mixture, a few turns on 



Fig. nS.^Robert Bosch Type GP-9 Magneto for Radial Aircraft Engines. 


I hi* crank of the haml starting niagiiclo siifticc to put the engine into opera¬ 
tion. Auxiliary dislribnlor clccirodcs of the HI. 8 magnetos distrihutc the 
high-tension starling current to ibosc cylimicrs which, in tlieir combustion 
stroke, have passed toj) dead center. Backfiring is thus avoided when start¬ 
ing. 

Realizing the need for a magneto suited for radial cylinder aircraft 
engines, the Type GF Suj>cr J*.iierg>' magneto shown at Figs. 175 and 176 
has been developed. This uses a rotary inductor member instead of a wound 
armature. The arraiigcnienl of parts is clearly .shown ai I’ig. 176 A, which 
is a phantom view and the case of disasHcmbly is shown at B, where the 
various parts comprising the assembly at A are separated but placed in the 
relation they occui>y rclalivc to each other when assembled. The action 
can be readily understood by reviewing elementary explanatory matter 
previously presented. 
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Fig. 176.^1 Uuitration Showing Construction of Robert Bosch Type GF Magneto. 


QVESriOKS I'OR KnVIF.W 

1. Outline |h»ssi1)Ic hi cl hods of K^solinv engine iKiiitioiL 

2. Why Is clcclrii* igmlioa be si? 

3. Wliut arc the coDumm t>iH:s of dcrlncal iKnllum? 

4 . Name advantages of oi ague to Ignition. 

5. Name advanlagcs of battery ignilion. 

6. Outline action of true higli-tcnsion magneto. 

7. How and why is a high-len.sion magneto timed? 

H. Do all magnetos use rotary wmdrngv' 

9. H<iw diH's inductor tyjic magneto work? 

10. When is battery ignition used for airplane work? 


CHAPTER XIV 

SCINTILLA AIRCRAFT MAGNETOS 


Ch«neteri»tici of SdntillA Deii^twPAm of Scintilla Magnet^-The Rotating Magnet 
«The Contact Breaker Aaaembly^The Front End Plate—The Coil^The Magneto 
Houiing^The Main Cover—The Distributor Blo€k»-^The Breaker Cover—Elec¬ 
trical Operation of Magnetoo—High Tension Current Safety Gai^Booster Con¬ 
nections for Starting—Stopping the Engine—Taking Down Scintilla Magneto- 
Cleaning Scintilla Parts—Inapection of Scintilla Magneto—Pront End Plate- 
Breaker Asaembly—Rotating Magnet Assembly—Asaembly of Sclntills Msgneto 
—Testing Msgneto After Aaaembly—Electric^ Tests—Charging Magneto—In- 
atalling Scintilla Magnet^^Timing Magneto—Changing Direction of Rotation— 
Adfuating End Play of Rotating Magnet—InitalUng Outer Bearing Race^Con* 
tact Points—Adjusting Distributor Gear—Timing Magneto by Lights—Oiling the 
Msgneto—Shipment and Storage—Type V-AG Magneto—Inspection snd Aa- 
sembly of Distributor Gear Ball Bearing Assembly—ScintilU Magneto Types— 
Use of ScintilU Magneto Tool Set. 

Characteristics of Scintilla Design.—'The ] principle of dei^ign and con¬ 
struction of the Scintilla Aircraft Magneto is such that its chief charac¬ 
teristics lie in the ctimplclc inversion of the nyslcms hitherto used. Tlic 
simpticity of this design and the niimen»us a<lvaiitagcs to be had in a mag¬ 
neto of this type arc olniuus. A cut away section is shi*wn at Pig. 17R 
showing the various parts in their correct relation and duplicates of these 
parts placed about the magneto so their con.stnictiou can he seen. The 
view at Fig. 177 jiennits of mc*fc detailed study than the smaller view at 
I'ig. 178. The parts are also shown in the .serlional view at Fig. 179 for 
the benefit of th<ise of our readers capable of reading engineering drawings. 

Instead of the hi>rseshi»e ninpiets an<l iinhictor commonly employed, 
the Scintilla Aircraft Magneto uses one rotating magnet. It is made 
of special chrome magnet steel and has either two or four poles, 
depending upon the type magneto in which it is used. n»e p(dc extremi¬ 
ties are ]aminate<l. the laminations l>eing held in place by an end plate on 
which the breaker cam is im>unte<l. 'Hic rotation of the magnet prc^duces 
reversals of magnetic finx through the C4»re of the coil. Due to the dose 
l)roximity of tlie indes to each tUher this type magnet retains its magnetic 
slrcnglh for long periods of time. The drive shaft is turned out of high- 
tensile strength steel ]>rcs.sed int4» tltc magnet and secured hy a pin through 
the magnet and shaft. This conslnictioii a.ssiires the maxinuim toughness 
and ability to withstand the severe driving stresses imposed u|>on it. 

The contact breaker mechanism is of the rtjcker lever type actuated 
by either a two or four lohe cam. The cage on which the various 
parts are assembled to form the complete breaker mechanism can be 
readily removed from the magneto without the use of any tools whatever. 
To eliminate the external connections nccc.ssary for the conventional con- 
denser application and to i>rovide adequate protection for this most impor¬ 
tant part of the ignition device, the condenser has been incorporated within 
the coil and located between the primary and secondary windings. 

All primary connections within the magneto are made by means of 
laminated leaf springs thus insuring positive and reliable circuit connec** 
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tions. The internal electric ami magneto circuits arc shown in sectional 
view at Fig. 180, All Scintilla Aircraft Magnetos^ the ty|»e designation of 
which ends with a “D/* have provision made for Ijoosier starting. This 
c<»niicclHm permits the iiitn»diictinn of high-tension rurrent from an ex* 
teriinl source, thus facilitating the starling of the engine. The contact 
)khiUh are id the finest material that it Is ]>ossihlc to obtain, the alloy being 
75 per cent platinum and 25 jjcr cent iridium. 



Pig. 177.~Cut-Away View of Scintilla Aircraft Magneto Showing Rotating Magneto 
AuemUy, Intecruptor Points, and luxation of Fixed C^s. 

Parts of Scintilla Magnoto.—The Scmlilla Aircraft Magneto, when 
disassembled for insiH'Ction or repair, will consist of the following sub* 
assemblies: 

1. The Rotating Magnet 

2. The Contact Breaker 

3. The Front End IMatc 
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4. The Coil 

5. The Magneto Housing 

6. The Main Cover with Booster and Ground Connection Block 

7. The Distrihulcir HI<K‘ks 

8. The Breaker Cover 

A view of the tnagneUi t>arlial1y dismantled is given at Fig. 181 wl>ich 
shows some of the |>arts mentioMcd removed from the assemhly. The 
arrangement of these parts on the huished inagncto can he studied hy 
careful examination of the diugrams at Figs. 179 and 180. 

The Rotating Magnet.—'Phe magnet is supi>ortcd in the magneto 
liousing hy the drive end Ikcnring and the breaker end l)e.iring. Eri<] play 



Fig. 178.—SctntUla Aircraft Magneto Parts and Location in Assembly. 


IS adjusted Ijy s]Kiciiig vv.ashers iK'hiiid each inner Iwll race. The drive 
end shaft carries the Inner race fi>r the drive end hearing and the small 
distributor gear which is keyed to the drive end shaft. The breaker end 
shaft carries the inner race fur the l>reaker end hearing an<l the breaker 
cam. The breaker c%am is keyed on a taper shaft and secured hy a screw. 

The Contact Breaker Assembly.—This mechanism is carried by the 
breaker cage. The breaker cage has its ground and coinpcnsaiing springs 
riveted to it. It carries the breaker lever %ind its axle ami the sh<irt contact 
screw. The insulated support carrying the hmg contact screw and fiber 
slop is mounted at the t<»j> of the breaker cage. 'Phe flat spiral bayonet 
lock spring lies l>etwccn the back of the breaker cage «in<l the dog plate 
and inside the bayonet lock latch. I'hc oil wick for (Ik* cam is located in 
the bottom of the lircakcr cage. The main spring for the contact breaker 
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lever has a short reinforcing spring under the breaker lever end and a long 
reinforcing spring under the breaker cage end. It is fastened by a screw 
at each end. The end cover with advance lever is held solidly against the 
back of the contact breaker asscnjhiy by a screw which seats in the breaker 
cage and screws into the centrally located Ih>ss in the end etiver. There 
arc two dogs, 180 degrees apart which fix the position of the advance lever 
by engaging in holes in the clog plate. The advance lever may be fixed and 
held in any one of eight positions. 

The Front End Plate.—The end plate is fastened to the main housing 
by two studs in the l>ottom holes and two screws in the upf)cr holes. Its 
position is fixed by two dowel pins in the front end <if magneto housing. 
The front end plate holds the outer liall race for the drive end bearing. It 
also carries the large distributor gear and distributor cylinder upon the 
distributor gear axle. The distributor gear axle is fastened t<i the end 
plate by two screws. The distributor gear is locked on its axle by a steel 
spring ring which seats in an angular groove in the end of the axle. The 
steel spacing washer between the back end of the distributor gear bearing 
and the spring ring on the axle provides a means of adju.stment for the end 
play of the bearing. The distributor cylinder is locked to the distributor 
gear by a spring ring. The correct position of the distributor cylinder for 
a given rotation i.s fixed by a dog screw, which screws into the distributor 
gear. The sp.icing of the dislrilnitor cylinder from the gear by a large 
paper w<a.sher assures a tight fit for the spring ring against the distributor 
cylinder when the ring is pressed into its groove in the distributor gear. 
The front end plate also carries the distributor block spring clamps. 

The Coll.—The high tcn.siim spark cod is immntcd directly on the 
extensions of the laminated pole shoe.s, thus insuring the cull a maximum 
freedom from oil and grease as this mounting |>uts it well up under the 
main cover. The p<»Ic shoe extensions are ground to insure a good contact 
with the core of the coil. The coil is held in place by a screw in each end 
of the core. 

The condenser is built in as an integral part c»f the coil. This assures 
protecli<iu for the condenser and a practically uniform capacity irrespective 
of temperature and inoi.stiirc. The high tension carlxm brush holder and 
safety gap electrode arc mounted on the front of the coil. The ground 
connection and the spring contact for the insulated support of the station¬ 
ary contact ptdiit are incorjK>r.ntcd in the primary bridge which extends 
over the top of the coil and is secured by six small screws. 

The Magneto Housing.—An aluminum hou.sing covers the rotating 
magnet. It carries the <mter race for the breaker end bearing, the ground 
plate for safety gap, the breaker cover spring clamps and the dowel pins 
for locating the main cover and breaker cover. The i>ole shoes are lami¬ 
nated and cast as an integral part of the magneto housing. The breaker 
stop and its fastening screws are located in the lower part of the breaker 
end of the magneto housing. 

The Main Cover.—The main cover is located by four dowel pins and is 
fastened to the magneto bousing by two screws. It affords protection to 
the coil from moisture, oil and dirt under abnormally severe operating 
conditions. The booster and ground connection block is mounted in the 
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extension of the main cover between the distributor blocks. It is secured 
by two screws. 'I'hc Ixioster and ^ound connectu»n block carries the 
ground terminal and the stud fur ground contact, also the booster terminal 
and the electrode fur the l>(K»ster current. 'I'hc stud fur grunnd contact 
bears on a spring plate secured to the primary bridge. The electrode for 
the booster current is held directly over the collector ring (or the booster 
current. There is a small air gap between the electrode and the collector 
ring. At the top of the main cover is provided numbers iur locating the 
distributor blocks, an arrow showing the <hrcc!ion of rotation of the mag¬ 
neto and the two letters *‘11** and *’P*' to mark the lb Hester and (jronnd 
terminals rcspeclively. 



Fig. 1 SI. ^Scintilla Aircraft Magneto Partially Dismantled Expoung Intemiptor 

Points and 


The Distributor Blocks.—These are mounted so that they are held be¬ 
tween the main cover and front end plate. Their lower ends rest upon the 
magneto housing while the upper emls fit against the lop cxlensicm of the 
main cover. They are held in place by spring clamps and arc designed 
as the Right and i.eft distributor block as viewed from the drive end. The 
breaker cover Is located on the magneto housing by two dowel pins and 
hedd in place by a spring clamp at each end. U is directly over the con¬ 
tact points and its removal |H*rniits of a ready inspection of the points or 
removal of the contact breaker assembly. 

Electrical Operation of Magneto.—This section is presented with the 
hope that the nontechnical reader may be able to form a better conception 
of the mechanical and electrical principles involved in the upcratiim of the 
Scintilla Aircraft Magnetos and if studied in connection with the diagram 
at Fig. 180 the explanatory matter can be more easily followed. The 
rotating magnet (1) has four poles. The poles arc joined together inside 
the laminated ends into pairs. The two “N*' j>olc.s making up one |>air and 
the other two “S'* jkiIcs making up the other pair. The rotating magnet 
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(1) revolves betvs een the laminated pole shoes (2) producing an alternat¬ 
ing field in the core of the coil (3). When the current reaches its maxi¬ 
mum value* the breaker cam (5) causes the breaker lever (6) to turn on 
its axle (7); thus opening the platimiro contact points (8) and (10). The 
cam (5) is mounted on the rear end shaft of the rotating magnet (1) its 
position being fixed in relation t<» the magnetic field. The short contact 
screw (10) is connected to the ground (24) through the breaker lever (6) 
and the main spring lor breaker lever (9) while the long contact screw 
(8) screws into the insulated supiHirt and inaiiUaiiis permanent contact 



Fig. 182.^Wright “Whirlwind” Enpae Viewed from Pre^Uer End Showng InsUlU- 

tion of Scintilla Aircraft Magnetos. 


with the primary winding (4) by means of a laminated copper brush fas¬ 
tened on the primary bridge (23). Therefore, when the contact points (8) 
and (10) are open* the primary circuit current is suddenly interrupted. 
The condenser (11) is connected in parallel with the contact points (8) 
and (10). It prevents abnormal arcing at the pcjints when the primary 
current is interrupted, thus reducing their wear to a minimum and insuring 
regular sparking. 
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High Tension Current.—The interruption of the primary current in¬ 
duces a high tension current in the secondary winding (12) compose o 
a large number of turns of fine wire. One end of the secondary winding 
(12) is connected to the ground (24) through the primary winding ( ) 
and the core of the coil (3), while the other end terminates at the hign 
tension carbon brush holder which is built in as an integral part o c 
coil. The high tension carlwm lirush (15) transmits the current to the 
soarkplucs through the medium ot the dislribulor cylinder (15) ana la 
tributor blocks (54) and the ignition cables (17). The high tension brus 
(15) bears on the cenlrnl contact oi the collector ring (or booster current 
(2ft) which is secured to the distrilmtor cylinder (l.t) by two fastening 
screws (29) and (.30). The wrew (.30) is located in the .secondary current 
circuit and connects the central contact in the collector ring J"'’ 
current (28) with the rondnetor moulded into distributor cylinder (15) 
and leading to segment (14). The distributor cylinder (15) is fixed on the 
large distributor gear (18) in a definite js.silion relative to the opening oi 
the contact points (8) and (10) and (or a given rotation which, m the 
diagram is anti-clockwisc. Tims the segments (14) successively register 
with the electrodes (16) in the distributor blocks (.34) thereby transmit¬ 
ting the secomlary current to the ignition cable (17) and thence to the 


si>arkpUigs. . , . j i 

Safety Gap.—The safety gap is the space between the insulated elec¬ 
trode (.32) which screws into the high tension r.irbon brush holder am 
the electrode (.3.3) on the safely gnj. ground plate. Its function is to pro¬ 
tect the coil against excessively high voll.agc by providing a 
escape for the charge, which will jitinp the gap between the 
(.32) and (.3.3) in the event of the secondary circuit being accidentally 

broken between the i-lngs and the coil. . j u tK.. 

The advancing and retarding of the ignition is obtained by moving the 

lireakcr a.sseml.ly about the cam (5). Moving the 

against the direction of rotation of cam (5) ijivcs advance, while moving 

breaker assembly with direction of rotation gives retard. 

Booster Connection for Starting.—The booster cable (25) IteW by 
fastening screw (2(i). The iHK.slor current is earned to the electrode for 

booster current (27) through the medium of a 

dielectric material of the l*H..stcr and ground connection block 

through a small air gap to the collector ring for curint 

[a.stening screw for collector ring (2')) healed 'S. 

circuit, transmits the booster current to the segment (31) 
lor cylinder (15). ITic b.K«ter current then jumps the air gap to *he near 
est electrode in W distributor block (34) and thence through the ignUion 
cable (17) to the sparkplug. The booster current segment s located m 
such a manner that it trails the .secondary current <14); 

Stopping the Engine.-To stop the engine, the >8«it.on is cut ou by 

ueutraliLg the functioning of the contact points (8) and <^>- 
accomplished as follows: The end of the primary winding (4) tennmates 
through the spring contact on top of the pnniary ht'dge ( 23 ) and thence 
ihrouih the stud for ground contact (22) to the primary ermmal marked 
■T" and carrying the fastening screw for ground wire (21). The ground 
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wire (19) goes to a switch located conveniently for the pilot. When the 
switch is closed, the ei^ect of the contact points (^) and (10) is neutral* 
ized by permitting the primary current to flow around the points and 
through the switch to the ground thus grounding the primary current and 
causing the ignition to the engine to cease. 

Taking Down Scintilla Magneto.—The following procedure is advised 
by the makers in their instruction manual for dismantling the magneto in 
a systematic manner: 

(1) Remove the safety pin on breaker cover and distributor block spring 
clamps. 

(2) Release spring clamps and remove breaker cover by lifting straight 
up. 

(3) Remove lireaker assembly. This is readily accomplished by moving 
the breaker to ini<l\vay bet ween julvatice and rclnr<l po.sitioiis. Now 
bring tbe bayonet h»ck ban<l latch to a vertical )K>sition ; this unlocks 
the bayonet Uxk and the breaker assembly is easily removed by 
pulling outward. 

(4) Release b|iring clumps and remove distributor blocks. 

(5) Unscrew fastening screws for magneto cover and remove it by lift¬ 
ing straight up until cover clears coil. Shoiibl the cover be tight on 
the dowel pins, it can be IfH^sencil by alternately tapping it with a 
fiber drift, on the rear edge just over the breaker compartment, and 
lifting the front by hand. 

(6) Unscrew' fastening screw in each eml of core of coil and remove coil 
by pulling it back until the high-tension brush clears the distributor 
cylinder; then lift cod nut. Care .slhMild be exorcised in roincjving 
the coil. Do not pull straight up (»u it until the high tension brush 
clears the face t>f tlie distributor cylinder. Some coils fit fairly 
tight between the jHile shoo extensions and when they release 
themselves under a vertical pull, will do s<» cjiiite suddenly and 
the high-ten.sion brush will be broken an<l pos.sibly its holder torn 
loose from the c<»il: hence the injiiiictlon—move coil hack until 
the high-tension brush clears the face of the distributor cylinder, 
then it may be lifted out. 

(7) Remove the two fastening screws and the two nuts and lock wash¬ 
ers from each of the bottom studs, then juill tbe front end plate 
niT. If the end plate .should fit tight, it may be Rjosened by alter¬ 
nately lapping it gently on each side of the inside surface with a 
rawhide mallet. 

(8) Remove the rotating magnet. This is easily accomplished by turn¬ 
ing the rotating magnet until an opening between any two poles of 
the magnet api>car in the center between the top edges of the pole 
shoes. This allows the flat surfaces of the magnet to be in such a 
position that the rotating magnet can be readily withdrawn from 
the magneto housing. 

(9) Take distributor cylinder off the large ilistributor gear by releasing 
the spring ring that holds it. There is a recess in the outer edge of 
the distributor cylinder flange for the ends of the spring ring. The 
ring may be released by prying with a small screwdriver, between 
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the flat part of the ring and the inside of the distributor gear, thus 
forcing the end in far enough to clear the groove cut for it. When 
ring is released, the distributor cylinder may he lifted off. 

(10) Remove large distributor gear by first releasing the small steel 
Spring ring, then removing the spacing washers and lifting gear off 
the axle shaft. 

(11) Remove end cover with advance lever from breaker assembly, by 
unscrewing fastening screw in back of breaker cage. 

Cleaning Scintilla Parts.—All jiaris may be washed in gasoline and 
dried with compre.sscd air except the e<dl. Wipe all pieces of dielectric 
material with oil-saturated cloth after cleaning. There are, however, sev¬ 
eral precautions to lie observetl in drying off the parts. The number <liscs 
in the distributor blocks and tlmse on tlic t(»p <if the main c<»ver must not 
be expose<] to full air jiressiire. Hold Ibcui at a safe distance or else allow 
them lo dry in the open air. Great care sboubl be taken that the felt strips 
in the magneto housing, the main cover, the breaker c<jvcr aiul the front 
end plate are not loosened or tom <uil by the air pressure. Oil all fell 
strips after cleaning. 

It is Tmj>erntivc that the cage and l»earing assembly of each bearing be 
held so that they cannot spin when using air for cleaning. This will pre¬ 
vent throwing cml the balks and making it necessary to obtain a new cage 
and ball assembly to complete the bearing for rc-asseinbly. Keep ffitaliiig 
magnet clean in.side and out. Do not lay it near small screws, nuts or 
metal chips, etc. Its construction is such that any foreign material ad¬ 
hering to it will result in serious injury to the niagriet<i, After clcauiiig 
rotating magnet, grease ihonaighly to prevent rust. 

Inspection of Scintilla Magneto.—It is anticipated that the inst>cctinu 
and repair of the Scintilla Aircraft Magneto will offer very little, if any, 
difficulty to the average ignition mechanic, whi> has h.id experience with 
other types of magnetos. Therefore, thi.s section on inspection and repair 
will embody only such instructions as are deemed necessary lo cover 
certain features which arc characlcrislie of the Scintilla Aircraft Magneto. 

Magneto Housing.—The breaker stop and ibe safely gap ground plate 
must be tight and their fastening screws locked. Have fs-lff cap screw 
hold down holes clean and threads straight. Lap base jiisl enough to see 
that its surface is smooth. It is ini])eralivc that the oil lead to back bear¬ 
ing l>c ofien atid clean. Flush with a giHwl gra<lc of light <iil after cleaning. 

Front End Plate.—Lift oil wick and spring out of distribulr»r gear axle. 
Clean oil leads to axle and front end bearing and flush with a got^d grade 
of light oil. Replace oil wick in distributor gear axle. See that fa.stening 
screws for distributor gear axle are tight and locked to the outside surface 
of the front end plate. Examine large distrihultjr gear to sec that there 
arc no burrs on teeth of gear. Replace gear, taking care to hold wick down 
until covered by gear bearing. HepUice spacing washers and spring ring, 
Try end play of gear on shaft. If not less than .005 inch or more than 
.008 inch, it is sali.sfactory. Test dog screw. It must be tight and locked 
to the large distributor gear. 

Replace paper spacing washer and distributor cylinder. Replace spring 
ring. Total thickness of spacing w'a.sher should be such that distributor 
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cylinder will be held tightly against distributor gear. Force spring ring 
into its groove thnjughout its length. 

Breaker Assembly.—Replace end cover with advance lever on breaker 
assembly. Place assembly in iM^sitinn in magneto housing and note that 
it functions as follows:—l)ayonct hKk latch, when released, should 
.snap into po.sition and the breaker will spring over to full advance. Re- 
move breaker and lay aside for adjustment dtiring final assembly. 

Main Cover.—Clean oil lead to back bearing thoroughly. Examine 
lionstcr and ground connectl<»n block in top of main cover, especially 
around the terminal marked **ll.’* as any small cracks in the material 
would grouml the lK)oster current. 

Coil.-^Noie that secondary brush lioldcr is stdid with the coil It is 
of vital importance that the .spring contacts on the |primary bridge be in 
go(»d condition. The rear spring bears against the face of the insulated 
.support on lop of the breaker cage, while the front spring located aUive 
the coil, makes contact willi the grouiul contact .stud. 

Distributor Blocks.—ICxaiiiine electrodes, lie sure that they are 
screwed tight into the distributor blt»ck. I^iose number <liscs must he 
glued with a water and <m 1 t>roof glue. After glue is dry, apply white 
.sliclUc as an added precaution. 

Rotating Magnet Assembly.—Lheck cam fastening screw. Note con¬ 
dition of hall hearings. It will lie noticc<l that the cage and balls of the 
front bearing arc a loose part <mi the AG U-D rotating magnet, while on 
the AG 8-D and AG 9-1.) rotating maguct.s they stay an the inner race. 
I'lus allows the halls to clear tlie large distributor gear during the as¬ 
sembly of the AG 1i-l>. All ty|K.*s of rotating magnets carry the cage and 
halls for the rear l>earing on the inner race. ICxamitie laminated jKde end 
oi magnet for any signs of rubbing due to foreign material IcKlging between 
laminated ends of mat^net and juile shoes. The efen ranee I between laminated 
poles and pole slmes is .002 of an inch. This explains the necessity of 
keeping them clean :m<l free from any foreign material. 

Assembly of Scintilla Magneto.—U is presumed that as near as possible 
the mechanic will use the (original parts id the niagneU» for the re-usscuihly. 
While Sciutilla parts are readily iiilcrchangeablc iu each tyj« of magneto 
and for a given rotation w*ill fnnetiou m another magneto of the same 
rotation, much time and ctT<irt will l>c saved by using the same rotating 
rnugnet, magneto housing and front end ])late in the re-assembly. The end 
jday and bearing lU of the rotor in the magneto in most instances wilt be 
found correct. The rot«itmg magnet was taken as the last sub-assembly 
fc»r inspection so that wdiilc it was cleaned up it could be installed in the 
magneto housing immediately. 

(1) Nave magneto housing clean and ready to receive rotating magnet. 

(2) Take up the rolnlmg magnet and fill the rear hull cage with good 
light grease. Grease magnet all over, leaving a film o£ grease to 
prevent rust. 

(3) Recharge rotating magnet, clean off metal particles that may be 
adhering to poles and place in housing at once. The magnet is 
easily replaced by turning it until a flat surface is at the top, then 
push in place. Now turn rotating magnet right or left 45 degrees 
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or until the space between the top of the pole shoes is filled by one 
of the poles of the maftnet This is the neutral position for the 
rotating magnet and it should always 1>e left in this position unless 
there is a keeper across the pole shoe extensions. 

(4) Fill cage and Imll assembly for front l>caring with the light grease 
mentioned above, put it on over the shaft and place it on the inner 
race. NOTE: If the magneto is an AG 12D the cage and ball 
assembly must be placed in outer race in front end plate and 
assembled with it. 

(5) Observe the arrow on top of the main cover to find direction of 

rotation ior which internal titning was originally set. ff arrow 
points anti-cl<»ckwi?K:. as vicwe<l from the drive end <d the magnet, 
match all thnrng marks If arrow points cicfckwise, match all 

timing marks **!>/* Siip]KiKe the magneto to he assembled is an 
anti-cl<»ckwisc or left hand rotation: 

(6) Turn rotating magnet until the marked Unith on back of small 
distrilnilor gear Is up in \iew so that it may be matched with the 
niarke<l t(Kith <m the large distributor gear. 

(7) Take up front end plate and put it on over drive end shaft until 
e<lges of gears are alniut tc« touch, holding the plate in one hand 
and guide the mark ou the large distributor gear by turning the 
distribiiti^r cylinder with the other hand. When the marked tooth 
on the small gear and the inurke<t t<»oth on the large (bstnhutoi 
gear arc matched, push the front cud jdatc ii]» against the magneto 
housing and secure hy means of the tw*f» screws and studs pro¬ 
vided. 

(fi) 'IVsl fiUating magnet for end play. There sh<iuhl be none. The 
l>cariugs should l>e just tight enough that when the magnet is 
turned aUmt 30 degrees from the neutral position it will return tcp 
the neutral ixisition by its nw*n magnetic jiull. 

f9) Replace breaker assembly final setting. Set contact points so 
that their maximum opening will l>e .Oli of an inch. The small 
gauge on the Scintilla contact ]>oint wrench may l>e used for this 
purpose. 

When contact |M)in(s are set at .012 for maximum opening the 
clearance between Iwick of breaker arm and face of fiber stop should 
be from .002 to .010 of an inch. 

Check clearance on each cam lobe. The cam must run true within 
0.0005 of an inch. 

(10) The internal timing of the magneto must now l)e checked. Turn 
rotating magnet until Fig. I on large distributor gear is in lint* 
with the mark in the timing window; the supplemental timing 
marks, located on inside etlges of large distributor gear and the 
front end plate, shmihl al.so l>e in line at this time. 

Hy slowly rocking rotating magnet with the breaker in full ad¬ 
vance position, the points should be just on the instant of opening 
as Number 1 and its mark and the supplemental timing marks come 
in line with each other. Hold rotating magnet with timing marks 
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in line and with one hand place the right distributor block in post* 
tion. When magneto is correctly ttme<l. the Numl>cr 1 electrode 
will coincide with a segment on the distributor cylinder. 

(H) Remove breaker assembly; this permits an easier installation of 
the coil. 

(12) Place coil l)etwccn pole shoe extremities. This is best accom¬ 
plished by sliding coil in horn the back and moving it b»rward into 
position. The coil fits tight and often causes the pole shoe exten¬ 
sions to shear off a very thin jiiece «if the fiber side plate. Take 
every ])Tecautioii that mmc of this fil>er gels in between the ends 
of the c<irc <jf the coil and the ends of ibe j^nlc shoe extensions. 
Scenro mil with a fastening screw in each end of the core. 

(l.’i) kcjilarc breaker asscTubly. Spin magneto; if properly as.semblccl 
and limed a giMul snat>py blue spark wdl jntnj> across the safely 
gat». The safety gap sliouUI be m»t less than or im»re than Jd of 
an inch. 

<\4) Put main cover in place. Take great care that it fits h<»ii»ing. 
Have bottom edges of main co>cr smooth. It is important that 
cover fits housing acciiraicly .since the t(»p extension of cover acts 
as .1 slop for the distributor blocks while the lumsing suj>ports 
them at their lower emb Any senon.s mis-alignmcnt w<mld result 
in injury to electrinlcs in the distributor blocks und segments in the 
dislribut<»r cylinder. I'asleu main cover to lumsing with two long 
screws jirovided. 

fl5) Replace breaker cover. Fasten s]>ring clamps and safety. 

il6) Replace distrilmlor blocks. Match them up with the mimher discs 
on the side.s (»f the U^p of the main cover. F«islen dislribut(»r block 
sjiring claniiis in place and safely. 

'I'his coinideies the final assembly. 

Testing Magneto After Assembly.—Where the equipment is available, 
the mngJicli> should he tested immediately after final a.sseinbly is com- 
l>lctcd. Jl.s operation during the licncli lest gives the experienced mechanic 
an accurate knowledge of the mechanical and electrical condition of the 
magneUi. Mount magneto on lest bench and remove breaker assembly. 
Run magneto up to about 1.000 r.p.in. and listen carefully to its running. 
I'he period of <iny unusual or irregular rniise as compared with drive shaft 
speed, will give a gocKl iu<lication as to its origin. 

While listening to the magneto, note the hum of the gears. When 
running pro^wrly they will have a consistent hum. The pitch of this hum 
will vary slightly fi»r <lifferenl magnetos, but will l>c consistent for a given 
magneto when gears are riuining properly. When there is foreign material 
embedded in the face of the large ge.ir. it will cau.se an audible click or 
knock each time it is turned against the small distributor gear. When 
foreign matter is imbedded in the face of the .small distributor gear, the 
period of the knock will be that of the drive shaft rotation since the small 
gear is keyed to the drive shaft. Shrmid the gears run irregularly and tend 
to chatter, there is excessive play either in the distrilnitnr gear axle bear¬ 
ing or between the teeth of the gears. If there is a knock in the magneto 
housing, it is usually caused by the laminated poles hitting the pole shoes. 
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Most trouble in the magneto housin/^ is caused by small metal parts, such 
as filings, chips, broken lock washers, etc., that are picked up while the 
rotating magnet is lying on the bench. They are thrown out by centrK- 
ugal force and cause serious damage to the rotating magnet and pnlc 
shoes. Unusual tightness or rubbing in h<uising may be noticed by the 
magneto running exccptiimally warm during test. It the condition is bad. 
it will 1)C noticed by an irregular and unusually hard turning, when the 
drive shaft is turned by hand prior to the lest run. 


c 



Fig. 184.-^Wiring Diagram of Curtiss Dt2 ScintilU Magneto Ignition System. 


Electrical Tests of Scintilla Magneto.—Replace lireakcr assembly and 
wire up distributor l>lt>cks to .spark gap, which .should be the three 
electrodes ty\^ in order to obtain gmul and consistent rc.sults for testing. 
The third electrode is a .sUilic in^int located so that it meets the live point 
at an angle of 90 degrees and is .set with an air gap of afx>ut .002 of an 
inch between static jwnnt and live point. The live point is the one con¬ 
nected to the distrilnilor block by the high tension cable. The gap between 
the live point and grounde<l [xiint is to he seven tuillimeler.s of an inch). 
Keep all jioints sharp and clean to obtain best results. Run magneto for 
about ten minutes at a .speed of 900-1.000 r.jxm. Observe points at start of 
test. Should they arc excessively, remove breaker and clean them thor¬ 
oughly. Have piunts dry and free from grease before replacing breaker. 
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After ten minutes at above speeds, run niajpielo up to 2,800 r.p.rn. and main¬ 
tain this speed for at least five minutes. Observe the contact peunts. There 
should be very little sparking at points when they arc clean and seat 
properly on their contact area. Test primary grounding circuit at this 
stage of the test with a piece of wire. 

Put one end in the hole in fastening screw for ground wire and touch 
the other end to magneto body or frame of test stand. The spark across 
the gap shoul<l cease the in.stant the free end of grounding wire is touched 
10 magneto or frame of lest stand. The next running speed should be not 



Fig. ISS.^Wiring DUgrarn Showing Application of ScintUU Magnetos to Wright 

*'Whirlwind" Model Jj Engines. 


less than 3,500 r.p.rn. while 4.(XX) r.p.ni. is desirable. Maintain this speed 
for at least ten minutes. Observe spark closely. A consistent miss can 
readily be detected. A slight scattering miss will be detected by a mo¬ 
mentary break in the spark flame l>etween the electrodes. A magneto, 
the internal timing and assembly of which is correct, will regularly fire 
across a seven millimeter air gap at 4,000 r.p.in. Observe contact points. 
They should run practically free from arcing by the time the test has pro¬ 
gressed thus far. 

The next test, after the high speed test, is to obtain the coming-in 
speeds. The coming-in si>ced is the lowest speed at which the magneto 
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will come in and fire consistently across the seven miUimeter air pap. The 
maximum cominp-in speed allowed for full advance is 120 r.p.m. while that 
for full retard is 240 r.p.m. Coininp-in sj»ccds hipher than those just given 
would indicate a magneto of low electrical efficiency. This may be due 
to improper internal timing or to the rotor having Inst s('mc of its mag¬ 
netism through improper handling after heing recharged or by spinning 
the rotating magnet without a kcc|>cr acnjss the pole shoe extensions. 

The booster starting circuit should be tested after the finish of the run¬ 
ning test.s. Use a han<( magneto or vibrating higb-tension coil as the 
s(nirce of high-tension current. Connect high-tension IwMi.stcr current cable 
Hi lcrmin%il marked “H.** kt>tatc mngneU> by hand. Start with Number 
I in the timing window an<l <deserve that a spark juttips all gaps in the 
correct serial order as given by numbers on distributor Idcrcks. Rear in 
mind ibal Ijccausc the IxKJSler segments trails the service segment of the 
distrilHJU>r cylinder, the Ixmstcr spark will occur late, for example; when 
Numl>er 1 shows in the liming window, the bfKistcr current will jump 
Number 12 gat). The same |>rinciple applies to the eight- and nine-cylinder 
magnetos. A deviatum fr<mi this serial order or no spark at all across gap 
indicates that the Ik poster circuit is not c(»rrect. Examine parts for fine 
cracks or burnt s|hiIs tmlicatiug a short circuit of the lM>oster current. 

Charging Magnets.—The Jwintilla Plunger Tyjjc Magnet Charger is 
designed to charge ciliu t a two or four |>idc magncl, There are two control 
switches use<l. Une is a haml switch, and the other is r»pcralcd by foot 
pressure. 'V\w source of charging current should be a twelve-volt storage 
battery. 'I'hc h.'ind switch has two jKiinis marke<l with a Nufnl)er 2 and 
Number 4 respecltvely. 'I*lie magnet is inserlefl in a sleeve and ihc sleeve 
IS moved in and out id a stnmg clcctro-magnctic field hy hand. The sleeve 
IS locked to its handle l)y a Ixiyonet lock. The handle is fixed in position 
HO that wlicn charger is in ojicration. it ran Iw moved only in a vertical 
plane. 

To Operate.—Lift up handle with sleeve attached. Unlock sleeve and 
insert magnet, using c«are that the magnet pole surfaces arc covered by the 
iron inserts in the sleeve. 'I'he relations In'twccn the N and S poles of the 
magnet and the jiolanty <»f the charger may be <lisrcgarded. Lock sleeve to 
handle and rejdace In charger in original iH>sitiou. Assume that the 
magnet to he charged is a four pole lyjie. Move hand switch to point 
marked with the NumlH*r 4; close charging current circuit by pressing 
the switch on base of charger with the foot. Move handle locked to 
nleevc containing magnet U]) and down at least twenty times while the 
charging circuit switch is held closed with the fo<it. Do not move the 
sleeve in and out id the cleclro-magnclic field too fast. Use a rate of 
alx>ut one second for each count. When charging is completed pull handle 
with sleeve attached tuit of charger and remove magnet. It is imperative 
that the charging circtiil switch at base of charger l)C held closed while 
the sleeve containing rotating magnet is being removed from charger. 
Rlace magnet in magneto housing in the neutral jxisition as soon as 
possible. 

Installing ScintilU Magneto.—Make sure that the magneto shaft half 
<d the drive coupling is seated and keyed on taper of drive shaft and then 
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locked hy nul and washer ami sa/etied with a colter pin. Spin nia^eto 
and note that drive shaft half of c<mplin^ runs true. Insju'Ct magneto base. 
Sec that the tlirea<ls in the huUUIiiwii holes have not been stripped 

or that the start of the thread has not l)ccn cU>sed; thus having a tendency 
to cause cap screw to cross threads. When lUYCssary, clear up threads 
with a %-16 tap and tlicn clean holes Uuinmghly. Note dowel pin holes. 
They should fit pins very snngly Iml mil s<» tight as to cause difficulty in 
getting niagiiclo down on surface <A its .support. See that the husc nf the 
magneto is sniorufi a ml makes g<KMl coniuct with the bracket surface. 
Having made use of the above iiistnietious ami any other information 
that tlie nierhanie has found to Ik* useriil fn»tn previous inslalfations of 
this nature, the magneto is ready itj Iw sceuretl. ll is imiverative that the 
length of the %-16 cn\* screws lie et^rrcel. When in <loiil)t as to correct 
length, it c?mi ln'St )>e obtaine<l by diroei measurenicnt. Making alb»wancc 
f<jr the thickness of tin* n usher used on the screw, the length must be such 
that when the screw is tight, it will not have less than or more than 
J^-inch (d its ihreatletl length in the 'jK*lf> bole in the base <j( the magneto. 
When the ccirrect length is established draw the sctcws np light ami 
safety. 

Timing Scintilla Magneto.— 'Wxtm engine .slowly as piston in cylinder 
Number 1 emues np on e<iiiipressioii. Slop when the full advance tMjsition 
for the ignition, a.s givt*n Iw the engine ma nit fact urcr. is reached. This 
point is given iu <(egrees Indore luj> ceiiler tli.'I'.C*.) and is murkeil on the 
timing disc to be used with the engine. At this |HMnt the Tiingneto is ti» 
he coupled to the engine, tlie following instructions having been very 
carefully noted and fijlhjueil. 'I'he .N'linilwr 1 cm the large disinlnilor gear 
can be seen through the tuning nindow li»cated under the fremt oil hole 
cover. When this NuuiIkt 1 is in hue with the while murk at the top of 
the timing window it iiulieales that the contact jMnnts are at the instant 
of opening with the l»reaker fully aclvanced and the Number I electrode 
on the distributor bhuk is registering with the pvojier .segment on the 
dislrilmlor cylinder. Some installalicms dc* not permit cd this window 
l>eiug use<l. In .such cases the supplemental liming marks must be used. 
They arc ](»caled on the inside surface of the large <listribul«*r gear au«l 
the front end jdalc and are so arraiigc<l that when they coincide with one 
another the contact points are at the instant td opening. 

Fasten the sparUjilMg cables to the distributor blocks. The mimbcrs 
on the distributor blocks show the serial firing orfler <d the magneto. The 
numbers <in the \o\t <d the main cover arc for the puniosc <d locating the 
right and left <Hstrlbutor blocks to their respective sides. Observe that 
each magneto is wirtnl 1 <j its proper set of wires as given by the engine 
manufacturer and that the wires lead front the magneto so that Number 
1 on the dislrilmlor block g«>cs to Number 1 or first cylinder in the firing 
order of the eiigme, while Number 2 on the <listribulnr block goes 
to the second cylinder in the firing order td the engine; Number 3 on the 
distributor block goes to tiie thir<l cylinder iu the firing order of the engine, 
etc., until all cylimicrs have l)cen wire<1 in their proper firing order. Clamp 
distributor bhicks in ])lacc. 'ilie letter '‘IT’ marks the terminal to which 
the booster wire is to be connected. The letter "P** marks the terminal 
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to which the ground or short circuiting wire from the magneto switch is 
U> he connected. 7'he arr<iw indicates direction o( rotatiem o( the magneto 
when viewed from the drive end. 'righlcn and lock the drive coupling. 
The advance lever linkage is to l>e connected t<» the advance lever on the 
magneto, special attention being given lhat full arlv.incc and retard arc 
obtained when the spark lever in ti»e cockpit is moved to its full advance 
and retard positions. 

Changing Direction of Rotation.^])isassetnblo magnrtti. I'ull the cam 
and observe the small “IV* ajul stenciled the face of the breaker 
end shaft. Assinuing that this is to 1 h* a change of mtatlon from anti¬ 
clockwise to chukwise. remove Wbiodrnff key from key way marked “G” 
and replace in the one inarke<l “Ik** Keplace cam and )mll cam fastening 
.screw np light. Remove di.strdmtor c\ liiulcT and then the large distrilmtor 
gear. Rcnujve small dog screw from "(V* (within the circle) and replace 
it) threafled hole marked I.ock end of dog screw In face oi dis¬ 

tributor gear. Note that **<«“ (without a circle annind it) is be ii.scd 
Hilly when the magneto is for anti-chakwise rolatiini oiiii has uo houster 
t ojiacrtion. Remt)ve the liming n indow and the suiiplemental timing 
marks on the insule surface of the fremt eml plate. Replace large distri- 
InUorgcar and distributor c>lin<ler. 'I'he ilisirilailiir cylmder Is now in the 
c(»rreci position for right hand mtation. Ohserve that llie collector ring 
for iMHistcr current has a **!>” and “(i** on its face, located 11^1 degrees from 
each tdher. There is a mark ou the inside face of the distribnlor cylinder 
with which either the “!>'* or **G'* must hue up. deiiending ntM»n the dircc- 
lioii of rotation. Remove c<illecl*»r ring for iMMister current ami turn it so 
that '‘I)** is in line with the mark on the inside face t>f <listrilmtor cylinder. 
Replace and fasten collector ring fi»r boo.ster curreiil to distrihiitor cylimicr 
with fastening screws jirovideil for it. 

Remove cn<l cf»ver with ;ulvaiiie lever fn»in breaker assembly. Un¬ 
screw dog )>lalc fastening screw.s and remove dog plate. Now carefully 
lift the bayonet hwk latch and spring idf breaker cage. Remove the bayo¬ 
net hK:k K[>rmg from the bayonet lock latch, turn it over and pul it Itack in 
j>lace. This is th*ne in t'rder that the li>ck spring may bold the breaker 
assembly in ftill advance, 'rhe contact breaker lever a\lr ami breaker lever 
are to be removed, 'flil.s i>ennils t>f an easy exchange of locations for the 
liber slop and llic long e<nilacl sirew. Komove long cemtact screw and fiber 
stop and replace each one in the op|>ositc hole. Reverse contact hreaker 
lever and rejilacc so that the contact ]>oiuls lualch. Screw breaker lever 
axle in tight and lock threaded eiul to breaker cage. N<«w replace bayonet 
lock latch and spring. Note that each einl of the sijnng is secured. One 
end fastens in bay<met lock latch while the other <»r iiwicle end fastens in 
breaker cage. Replace dog plate and secure with dog plate fa.stcning 
screws. Lock screw heads li» dog plate. I'asien end ci»ver with advance 
lever in place and the breaker assembly is ready for clockwise rotation. 

Recharge rotating magnet; note that it is clean and free from clinging 
incta! particles ami replace in maguolo housing. Ttirn magnet until marked 
tooth on distributor gear is u|>. Take front end plate ami put in 
for matching gears. Turn large distributor gear until li«)lh marked “L)*' 
lines up with marked tooth on small distributor gear. Mesh gears and sii<le 
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front end plate into ]>Iace and fasten to magnetic housing with nuts and 
screws provided. Replace contact hreaker assembly. Turn rotating mag- 
net until the ntim1>er "i" on the disLribuUir gear appears in the opening 
for the timing window in the front end j>lalc. Now hold the rotating 
magnet so that the contact tKiints are just at the instant of opening and 
then replace the timing wiiulow swi that the M'hiic mark therein will coin¬ 
cide with the mark on the large distributor gear directly above the number 
*'1." Remark the front end plate with new siip]dcTnental timing marks 
that will coincide with the original marks on the distributor gear. The 
new marks will 1)C ct»rrcct for ckKkwise roiati*m of magneto. 

Replace main cover and change rotation indicating arr<»w from anti¬ 
clockwise to cliK'kwise ndaliim. C hange number <liscs to corresptmd with 
clockwise notation ns shown in distributor Mock diagrams and replace 
distrilnil«>r blork.s. Tlte magneto is now ready for lest as a cUa'kwise 
(R.ll.) ri>tating magneto. If it is rcf|tiired that the direction of rotation 
of the magneto be changed it i.s strongly recommended that the magneto 
be sent to the f^cintilla factory for thi.s pur)M»se. 

Adjusting End Play of Rotating Magnet.—As there is only .003 of an 
inch air gaj> 1>etween ibe rotating magnet and the jade shoos, and in con¬ 
sideration of the design of the hall hearings, it is imperative that there be a 
very careful a<ljiislfncnL tjf the axial <»r end play of rotating magnet between 
its hearings. Since the rotating magnet exerts a certain amount of attrac¬ 
tion between its jailes and the pole shoc.s. when tnnunl from the neutral 
position, advantage is taken of this pull to gel the correct adjustment of 
the 1)411 bearings. The end play adjustment is really carrie<l beyond Uu* 
point where a mechanic could actually feel even the slightest hint of end 
play. 'Pbe correct adjustment is obsened by turning the rotating magnet 
away from its nentral po.sition aiul noting bow far the trailing cilge of the 
rotor slot can be from xUt edge of ihc t*j>ening between the pole shoes and 
still return to its neutral |>osition. Obviously, the closer the e<lge of the 
slot must Iw to the pole shoe edge in <irder t<» pull bark to neutral, the 
tighter the bearings. 

It has Ikjcii found in practice that when the distance between the pole 
shoe edge ami the ndor s1<»t edge is from ^ to of an inch, the adjustment 
is satisfactory, while <if an inch is the desirable adjustment. 'Plic adjust¬ 
ment of the end of the play is <)btaiiicd by means of steel sjuicing washers 
which fit in hclvvecn the inner ball races and the rotating magttel. Kce)> 
the total thickness of sparing washers just as nearly ecpial as possible on 
each end. These spacing washers ct»me in thicknesses of .05. .1, .2, .3, .4 
and .5 of a millimeter, which is approximately .002. .004, .008, .012. .016 
and .020 of an inch re.speclively. 

Installing Outer Bearing Races.—'Phe outer 1 tearing races in the Scin¬ 
tilla Aircraft Magnetos are insulated from the magneto by insulating strips 
of a specially prepared material. They are also l)acked by washers of this 
material which is very rigid and will stand considerable pressure. Thus 
the ball bearings arc free from minute electric arcing which causes the balls 
to turn black and promote excessive wear. These ball races are readily 
removed by a specially designed puller and are easily pressed in by another 
tool. There is a recess cut in the metal where the outer races fit. This 
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recess allows the overlapping of the ends of the insulating strip. There is 
another recess cut in the metal back of the insulating washer; it is for oil. 
In installing an outer race, hrst put the washer in so that the cut in it will 
line up with the oil recess, 'rhcn spread a few drops of oil evenly over 
one side of the insulating strip. Take strip up and bend it in a circular 
form, with the oiled side inside, and overlap the ends enough to allow the 
strip to fit easily into the container for the outer race. When it is released, 
it will expand against the container walls and the ends will overlap slightly 
in the recess cut for them. 

Place outer race squarely inside the insulated strip and press until race 
seats again.st insulating washer. I'hc race should have a light prc.ss fit 
which may be ol)tained !>y the sclccluni of in.sulatitm strijis of the pn>per 
thickness. Great care must In* exercised In keeping in line the race and the 
front end jdatc. or the race aii<l the magneto lumsing as the e;me may 1«. 
so that the race will nut cut the insulating strip, or. Uy nol lifing seated 
squarely, it would result in scrums injury to the hall races or the cage aud 
ball assembly. 

Contact Points.—The life (»f the c<mtact jxunts depends to a great 
extent on huw clean they are kt)»i. niercbiri*. take jKirticubir |Kiins to keep 
them as clean as possible. File them nuly ulicn it hecotnes absolutely 
necessary for the liest i>pcra(ion of magneto. The ga^) )>rtwccn contact 
points when fully opened sh<mld Ih: mauuamed at .012 of an inch. Use 
the gauge oti the Sr mill la wrench for this purtmsc. Keep p<Mnts in align* 
ment. 

Adjusting Fiber Stop.—The filuT slop is nioimted in the insulated sup¬ 
port just back of the top of the lireaker lever. Its functions is to limit the 
travel of the breaker lever at hrgdi uiagueto speeds. The filler .sli*p clearance 
is ineaMired between the face i>i the stop and the back t>( the breaker lever. 
'I'he clearance must be nieasure<l with the ]>oints fully <qK*ued. The fiber 
.stop clearance must not 1>c le.ss than .002. Thi.s may be obtained in a 
practical way hy using a .002 feeler. ]>lacing it l^chind the breaker lever 
aitd turning rcdatiug magnet until the ]>oiuts are at their maximum open¬ 
ing. The Icu.sion on the feeler, as it is pulled from between tlic back of 
the lircakcr lover aud the filler sti»i). slumid be just enough to allow it to be 
withdrawn easily. 

Care should 1>c taken in filing tiher stop so that when ]>ropcr clearance 
is ol>taincd and the breaker lever is pushed Ixick agziinst tlic stop the whole 
surface of the .stop l^ears against the l>ack of the breaker lever. It is im* 
jiractical to state a tnaximiim fdicr sl<ip clearance which couhl be applied 
impartially to all Scintilla Aircraft Magnetos, in as much as the fiber stops 
and cam followers and contact ]K>iuts do not wear exactly alike. 

Distributor Block Electrode Clearance.—There will be very little neces¬ 
sity for putting in new eleclnules in the distribiiUir blocks, llow’ever, 
shtuild it become necessary, it is very jni]Ktrtanl that they have the correct 
clearance. The minimum clearance should l>e .(XW of an inch. The maxi¬ 
mum clearance should m»t be over .OSO of an inch. Templates for measur¬ 
ing these clearances may lie (ditained from the manufacturer. 

Adjuating Mesh of Large Distributor Gear.—This adjustment will 
rarely be found necessary, in the event that the large distributor gear 
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requires replacement, adjust gear as follows :—To raise gear, loosen fasten¬ 
ing screws on dislrihiitnr gear axle flange and drift axle slightly to the 
right as viewed fr«im the dlstrilmtor gear side of the front end plate. To 
li>wcr gear, drift axle slightly to the left. Tighten fastening screws for 
distrilmtor gear axle and 1i»ck outer ends to outside surface of front end 
plate. 

Timing Magneto by Means of Lights.-^This practice can be followed 
very easily while niaunel<» is the rejKiir bench and the coil is not in¬ 
stalled. and will serve as a very accnnile means of checking the internal 
tinung of the magneto. Once the coil is installe<l. however, and the mag- 
iielo i.s mounted on the engine, the timing ntark.s on the magneto will he 
found sudUienlly accurule to meet all practical rcc|ulremem» for timing 
magnivlcj Xo the engdne. Willi cod in place, the internal circuits and con- 
slnictiou of the magneto are sncli that if an cxt<Tnal simrce <*f current 
is ajiplied to the contact im.iiUs. there is the danger i>f the coil acting as an 
eleclro-inagmol and weakening ihe magirehr <(nahlle.v fif the rotating 
magnet; lluis impairing the efiiciciicy of the inagnel<'. 

Oiling the Magneto.—}'roper oiling i.s <if \iial importance for the sat¬ 
isfactory oi>cralion of the magneto. l\v the Ix'sl grade of Tiiedinni btKhcd 
oil <ihtninalife. Put from Mi to 41) drops of oil in the front oil holes or 
until it ajqH'ars at the overflow hole for llie dislrihntor g^ear axle bearing, 
'rhis hole is loudeil alxml one inch below friml <»ii hole c<»ver. I'ut alwml 
three til five cln>ps id oil in the hack oil hide. Note that the felt wick in 
the In atom of breaker cage i.s thorouglily salnrated with a heavy Iwdicd 
oil, Oil magneto thereafter at regular intervals id alwml ten Inmrs. 

it is essential that the work of general overhanl an cl rejiair id the 
magneto be accomplished with tlie projuT tools. ’l*hc Scintilla Company, 
as a result id many year.s cd c.sperfence, knows the necessity id removing 
the breaker cum, small distributor gear, ball races, etc., with tools sj>ecially 
designed for this purpose. Complete sets of ihe.sc IimiIs can he (d>taincd 
frmn the Sc in id la Company at moderate cost. 

Shipment and Storage.—Do not pack more than four magnetos in a bnx. 
This will make a shipping vveigdit rd alHmt ^5 |HMinds per l>ox, and in 
most instances will mean that the shi}mient will receive more cunsidera- 
tion and care while in transit, since it is not loo heavy to l>e handled by 
one man. I'lirtluTinorc, the weight is such that the falls and jars incident 
to shipping arc not so liable to cause damage. The box .should l>e lined 
with moisture-proof paper. Fasten each inagiiclo to the bottom of the 
Imx with two cap screws. The length of the cap screws used will 

depend u]>on the thickness of l)ollom of 1>ox. 

After being fastened in place, each magneto should be carefully wrapped 
in heavy wra)>ping pa)»cr and excelsior packed around it. The cxcelsuw 
must’Iw t»ackcd hr soliilly as jHJssiblc by hand, using a sufficient amount 
to insure pressure upon it when lid is nailed down. Obviously, the tighter 
and more firmly the c.xcclsior is packed, the safer it is fur the magneto while 
in transit, in the event that any of them should become loosened from the 
bottom of the box. Place a steel kind around the Ik)x. H more than one 
is used, space them so that they will afford maximum protection at the 
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mid-section. Print legibly or stencil the top of tbe l>ox: *'1*11 IS SIDE UP.*' 
This tends In keep the magnetos in an upright position and docs nut im¬ 
pose loo great a strain on lK>ttom of box. Sh<nv cnnsigiii»r and consignee 
and how shipment is to be ma<le. Clean each magneto tlvironghlv before 
storage. Apply vaseline to all cx|xjsed metal parts, wrap magnetos in 
paper and place on shelf in an upright position. 

Type V-AG Scintilla Magneto.—Hie fundamental dlfTercnce between 
the *‘V-A(j** and the **ACi** type niagnet<»s lies in the ni<ilu»d <if mounting 
the large distributor gear as shown at Fig. 1X7. This assembly ct an prises 
basically, a new type di.stributor gear axle and a large iHsIribnlor gear 
running on two <»[jcn type ten millimeter ball iK'anngs. C<mtiuuonK lubri¬ 
cation from one major engine oxerhaul to the other is nssnre*!, thus elim¬ 
inating the dangers experienced clue to the Jack prnpcT lubrication. The 
distributor gear axle is imuinicd in ibe front end plate in the usual manner. 
It extends through the hub of the dislnbulor gear, baciiig tlu* gear ami 
bearing assembly held in posiluni on it by menus of lock nuts. The adjust¬ 
ment r»f the hearing assemhly is obtained by menus (d a s])acer and adjust¬ 
ing washers that fit over the dislrilmlor gear axle and l>etween the inside 
bail races. Crease ts rc1aiiic<l in the assembly by means of bras.s caps on 
each end of the distributor gear bub. 

Disassembly of V-AG Distributor Gear Assembly.^Remove the brass 
cap from the end of the large dislribuiim gear luit». t 'uscrew the lock mits 
oil the end of tlic dislrilmlor gear axle and lift the large dlsinlnilor gear 
Note that when tlu‘ large drslrihulor gear is lifted »ml of position it 
carries with it the washer under the hH*k mils. lM»ih of the cage and ball 
assemblies and the spacer and .adjusting washers that iiiamlnlii the bearing 
and play adjustment. Observe that when disassembled, the cage ami ball 
assembly fi»r the la*aring in the distributor cylinder end of ihe large dls- 
irihnU»r gear hub, is a loose j»art whereas this assembly for the hearing in 
the other end of the gear hub is held in jdace by the brass caji which covers 
the hearing. Care innst he taken that the same spacer and adjusting 
washers are used when re-asscnibliiig the lieariiig. 'The wear in this hear¬ 
ing assemhly is practically negligihiu if projicriy a.ssembled, hence the 
necessity of making another end play adjiKliiienl can iisnally be avoided, 
by using the <»riginal spacer and adjusting washers. If the jnirts are not 
to he re-asscmhled at cmce, they should be oiled to prevent rust. 

IxiBpecrion and Assembly of the Distributor Gear Ball Bearing Assem¬ 
bly.—Clean oil load in front ciul plate thoroughly by niean.s of cimijiressed 
air. When comiircssed air is mU available, flush the <nl Icml w ith light oil. 
The oil lube to the distributor gear axle is m»t used, due U* the fact that 
the distributor gear ball l»caring assembly is }>acked with non flu id oil 


(fibrous grease'). See that the fastening screws for the distrilnitor gear 
axle are tight and I(»cked In place. Note condition of halls and hall races. 
They run under very close tolerances and must he clean. Normally the 
halls and races will have highly i»olisbc<l surfaces and show no apparent 
signs of wear. Shouhl any unusual \ve%ar or rough surfaces be noted, the 
parts so affcctctl must be replace<l with new ones. Examine the large 
distrihutfir gear to sec that there are no Inirrs on teeth of gear. Test dog 
screw. It must he light and hacked to the large distributor gear. Handle 
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the gear carefully as any strains set up as a result of improper handling 
will cause it to wabble, thus resulting in unnecessary wear of the teeth. 

The adjustment of the l>earing assembly can best be obtained when the 
parts are dry or have oil only on them. The assembly is accomplished 
as followsPlace the large distributor gear on over the distributor gear 
axle the size of whicli i.s stub llml the inside ball races i>f the liall bearings 
have a slip fit «»vct it. Now j'lare the bearing spacer on the axle and then 




Pig. lS7.»BaU fietring Dietributor Gear Aasembly of Type VAC Scmtilla Magneto. 
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the adjusting washers used In the original assembly. The cage and hall 
assembly for the bearing In the (list rib it tor cylinder end of the distributor 
gear hub should now be placed in (position on the end of the distributor 
gear axle. Place the plain washer over the end of the distributor gear 
axle and on the inner ball race, after which the whole assembly should 
be drawn up tight by means of the lock nuts and the l>earing adjustment 
checked. 

Observe that the edge of the inside ball race extends beyond the 
shoulder on the thrca<!rd end of the axle, thus permitting the lock nuts to 
hold the inside races, the l>earing spacer and a<ljlisting washers, and the 
plain washer untler them, as a stationary unit with the distributor gear axle. 

Testing Bearing for Proper Adjustment.—Hold the frimt end plate 
with the distributor gear bearing assembly in U»ih hands, having the bear- 
ing u|jpernK»st and the small end of the front end plate toward the operator, 
‘riie adjustment of the bearing nsscinbly for end play is checked by exert¬ 
ing a d<i\viiward pressure on the rim of the gear with each ibumb alter¬ 
nately and tlicu moving the gear a few degrees at a time after each check 
luitil it has been turned through one r<mipl<tc rcvi)liition. The relatively 
high ratio of the largo distributer gear radius tt> the radius of the ball 
bearing permits of obtaining a very accurate adjustment of this assembly. 
When prn])crly adjusted there will l>c no cud jilay In the bearing assembly 
and the gc.ir will turn free when revolved by han<l. If end ])lay is found 
ni the bearing it may l)c c<»rrcclcd by removing a thin steel adjusting 
n usher. Shnxild the renuwal of the washer make the bearing too tight a 
ihiniier one should l>c used to replace the washer previously removed. In 
Uiv event that the adjustment desired is less than can be obtained with the 
ailjusiing washers on hand, recourse may l>e had to lapping one end of the 
bearing sp.'icer. Adjusting the l>earing by this method rf(|Utres that the 
sjiacer be ]a])]>cd carefully cm one end only. A micrometer must be used 
to insure that the overall length of the spacer Is uniform at all points on 
the circumference. 

Assembly of Distributor Gear Bearing Assembly.—^Having correctly 
adjusted the bearing, it must n<»w be disas.sembled and packed with a good 
grade of non fluid oil (fibrous grease). The huh of the gear should be 
packed with the alKJve mentioned nonfluid oil after which the gear should 
he placed on the distributor gear axle and the bearing rc-asscmbled. Draw 
the lock nuts up light. Pack a small amount of the nonfluid oil In the 
brass cap that fits over the end of the gear hub and press it on in place. 
Replace the distrihulor cylinder and lock it in position by means of the 
sieel spring ring. 

Scintilla Magneto Types.—The Scintilla line includes a variety of 
magnetos and types arc available for any tyjK of engine. The APBD ys 
for five-cylinder radial engines and is driven at lj4 times crankshaft speed. 
The GN6D is for six-cylinder engines and is driven at IJ^ times crank¬ 
shaft speed. The MN7D is for seven-cylinder radial engines .and is driven 
at times engine speed. These three tyi>cs each weigh approximately 
twelve pounds. The PN4D is for four-cylinder engines. On the conven* 
tional type of motor it is driven at engine speed but on the *‘Cam’' type 
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it is turned at twice engine speed. The AP3 for thrcc*cyUnder engines is 
driven at times engine speed. The MG2 is for two-cylinder engines 
and is driven one or one-half times the crankshaft speed depending on 
engine type. 

The Scintilla Vertical Double Aircraft Magneto, Type SC is shown at 
Fig. 188 C. This magneto has one rotating magnet producing two inde¬ 
pendent sparks every yO degrees of its rotation. The sparks may be 
synchronized or staggered as required by a simple adjustment of the 
breakers. 1'hc magnet is rotated between two pairs of pole shoes 
which causes siniuUancous reversals of magnetic Hux through the cores of 
two coils. Tlic primary cjrvuit of each c<»il is intcrniplcd by one 
breaker tuechanistn of the sjinMg type, the conlaci i>f which are 



opened ami closed through the medium of an cxlreiuely soft four lobe 
cam mounted directly on the end of the four j«dc rotating magnet. 
This magneto lends itself readily to radio shielding. The weight of the 
magneto alone is only 12.5 ]x>tinds. The two di.strihutor heads to be 
mounted on a twclve-cylimlcr engine weigh 1.5 |Kiunds each. By chang¬ 
ing the drive gear ratio this magneto is adaptable to four«, hve-, six-, 
seven-, eight-, nine-, ten-, twelve-, fourteen-, sixteen- and eighteen-cylinder 
engines when the required distributors arc used. Simplicity, compactness 
and light weight are the chief characteristics of this magneto. 

Instructions for the Use of Scintilla Aircraft Magneto 

Service Tool Set 4-273 

23148—Tool for removing spring ring from distrilnitor gear axle. This 
tool has two weclge-sha|>ed blades so spaced that they ht, one on either 
side of the distributor gear axle: and two jaws which fit in between the 
open ends of the spring ring. The spring ring is removed by spreading 
it open With the jaws, at the same time forcing upward with the tool. 
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To Oporat®.—Push ends of wedge*shaped blades in space between spac¬ 
ing washers on end of large distributor gear axle bearing and spring ring. 
Insert the jaws between open ends of the spring ring. Sjjrcading the 
jaws by pressing their opposite ends together with thumb and forefinger, 
and at the same time lifting the tool upward forces the spring ring out of 
its groove. 

23123—Cam wrench for breaker cam. This tool is used to hold cam 
when tightening or removing cam fastening screw. 
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Pig. 188C.^-Scintilla Type S. C. Double Magneto. 

4-147—ICnd wrench for l(Kk nut on front end plate. 

4-192—^Tool for tightening eIcctro<lcs in dislributor blocks. 

2093S—Socket wrench for spring clamjj. This wrench has an opening 
milled on the side of the socket, thus permitting it to fit <»vcr spring clamp 
and on spring clamp stud. 

4-168—Socket wrench for drive shaft nut. 

22033—Set of eight screwdrivers. These screwdrivers arc properly 
ground to prevent damage to slots iu screu* heads. 

4-141 ..—Template for elcctn»dcs in distributi»r block (twelve cylinder). 

4-140—Template for electr<Hlcs in distributor block (nine cylinder). 

4^139—Template for electrodes in distributor block (eight cylinder). 

These templates will fit the distributor block in only the correct posi¬ 
tion. The radius of curved part of each template is such that it includes 
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the manufacturing tolerances and necessary clearance. Therefore, each 
template should fit its resj>ectivc type of distributor block and not be held 
off by the electrodes touching curvetl part of template, i.c., the ends of the 
electrodes should just clear the template as it is held in position against 
the distributor block and moved back and forth over them. 

4*271—MagnetO'inetcr. Place the laminated end of the rotor in the 
Vce*shaped block extending from the case. Be sure that the magnet 
touches tiver the entire length of the block. Compare the reading of the 
meter with figures given on the card pasted to the inside of the instrument 
cover. To insure a satisfactory oj)eration of the magneto, rotating magnets 
showing les.s rcmanence than the middle figure given must l>e magnetized. 

230WW-Mounting tool for inside ball race—seventeen millimeters. This 
tool is bored ont U» n depth that will permit of its l>eing used for mminl' 
Ing either the small distribiitor gear or the inner l^all nice b»r the <lrive end 
bearing. 'J'he open end of the t<M)l is eounter-Uired. thus permitting it t<» 
fit over the inner ball race ami bear evenly against it while the race is 
being driven on. 

To Install Small Distributor Gear.^Piit a few dr<»ps of oil on drive shafl 
then place gear over shaft and bring it u]» to starling |K»sition. Note that 
the keyway in gear is in line uith the WtKKlruff key in drive shafl. 
Place tool over drive shaft and hold its open end s<|uarely and firml; 
against face of gear. Note that gear is starting on shaft evenly. Drive 
gear on until it stc»ps against siuuiUlcr pnwulcd for it on the magnet. 
Best results are obtained by grasping the nUaling magnet in such manner 
that while the magnet is held by the hand, the thumb and forefinger are 
guiding and supporting the tool. llid<l (be arm against the Ixidy in such 
a position that the im])act from driving the gear in place will l>e absorbed 
by the Iwdy. Do not attempt to use a presw fijr this work. 

To Install Inner Race.—Seventeen millimeters. As previously .stated, 
tool No. 23088 wdl be used and in general the instructions as given 
above for installation i>f the small distributor gear are to be observed. 

23087—Mounting UhA fur inside ball race—fifteen inilliinciers. This 
tool has a counterborc in Ibe nj>en end that will permit it to fit over the 
inner race, thus holding the t<H)l evenly against the inner race while it is 
being driven on. 

To Install Race.—Put a few drop.s of oil on race scat on rear end shaft. 
Take the ball race and place it <»vcr the rear en<l shaft and on the edge of 
race seat. It is imperative that the ball race be placed on edge of race 
scat squarely, thus av<»kling considerable difticulty and possibility of dam¬ 
aging the ball race seat. 

Place tool over ball race and drive it on until back edge of race seats 
firmly against shoulder provided for it. The race should have a light drive 
fit on its scat. Best results are obtained by grasping the nUating magnet 
in such a manner that while the magnet is held by the hand, the thumb 
and forefinger are guiding and supporting the tool. Hold the arm against 
the body in such po.sition that the impact from driving the gear in place 
will be absorbed by the Ixwly. Do not attempt to use a press for this work. 

22175—Mounting t(Kd for spring ring on distributor gear axle. This 
tool is composed of two )>arlK. The inner part is used to expand the spring 
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ring while the tool body slides the spring ring into a position that will 
permit it to snap into place in the annular groove provided (or it in the 
distributor gear axle. 

To Operate.—I'lace spring ring on tapered surface of inner part of tool, 
then put tool body on over inner ])art of tool until the edges of open end of 
too! body rest upon the spring ring. Place the large end of inner part of 
tool on end of distributor gear axle shaft and press tool body down over 
taper, thus f<»rcing the spring ring down and expanding it. As it leaves 
the large end of tai>cr. the ring will snap into place in its groove on end of 
distributor gear axle. 

206(ML—Universal gear puller. This puller is of the conventional double 
arm type. The puller bar has bmr holes for the puller arm fastening screws, 
thus providing for necessary adjusiment for gears of different diameter. 
It will be observed that the tw<i outsifle holes are to be used when pulling 
the eight cylinder small distributor gear. 

To Operate.—Assume that the gear t<» be pulled is a nine cylinder small 
distributor gear. The puller arm fastening screws will be in the two inside 
lioles in puller bar as ])revH>usly stated. I'lacc the brass cap over threaded 
end of drive shaft. Turn screw handle in an anti-clockwise direction until 
(he inside end of screw will clear end of brass tip on drive shaft as the 
puller arm jaws are being placed in position l)ehiiul gear. Place puller arm 
jaws behind gear, holding thorn in position hy placing one hand under and 
around them. I..ock the puller arm jaws In position by turning screw 
handle in a clockwise direction until inside end of screw bears firmly 
against end of bras.s tip on <lrivc shaft. 

To Remove Gear.—Continue turning the puller screw handle in a clock¬ 
wise direction. 

21281—Socket wrench for cam fastening screw and ground contact stud. 

4 . 1 ^ 1 .Socket wrench for IxMjsler current elcclrtKlc. 

M A-1635—Contact screw wrenches. 

4.].V^Mountiug tool for outside lall race—seventeen millimeters. This 
U>oI has a No. I hlorsc tai)cr which permits of its being used in either 
a drill press or a lathe. When used on a drill press the tool is mounted 
in a vertical jxjsitiun. The front end plate in which the seventeen milli¬ 
meter outer race is to be installed is held horizontally with the flat boss 
‘•n outside of front end plate resting squarely on drill press table. When 
used on a lathe, the tool is mounted in the tail stock. The front end plate 
is held against the lathe face plate. The diameter of the face plate must 
not exceed seven inches as a larger face plate would allow the oil cover 
axle bosses to rest on its edge, resulting in mis-alignment and serious* 
difficulty in installing the race. 

When installing the race by either of the foregoing methods, special 
attention must be given that the correct alignment is obtained. Note that 
the recess in i>apcr w^asher which goes lack of race is registering with the 
milled recess in the front end plate. Spread a few drops of oil evenly on one 
side of the insulating strip and place it in i>usition with the oiled side inside. 
Note that the ends of paper strip are <»verlapping in recess milled for them 
in the side of race container in front end plate. Place ball race in position. 
Note that it is level and starts evenly when pressure is applied. The race 
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should have a light press fit in its container. After race is in place, the 
narrow width of the insulating strip extending above race must be cut off 
with a sharp instrument. 

4-13^—Mounting tool for outside ball race—fifteen millimeters (with 
supports for bearing j>;irt of magneto housing). This tool has a No. 1 
Mor.se taper which permits of its being used in either a drill press or a lathe. 
There is also iiicoriK •rated in this t(K)! a device ior holding the ball race in 
place on the end of the tool while it is being inserted in the magneto hous* 
ing. A special pressing bl<K'k is also provided which fits into the breaker 
compartment of magneto housing and rests on the drill press table or lathe 
face plate, as the case may be. 



Pig. 189.—Special Tool Kit for the Inspection and Repair of Scintilla Aircraft 

Magnetos. 


To Install Race.—Note that the paper wa.shcr which goes back of race 
is in place. Spread a few drops of oil evenly on one side of the insulating 
strip and place it in position with the oiled side inside. Note that the ends 
of paper strip arc ovcrlapjnng in recess milled for them in the side or race 
container in magneto housing. Place the l)all race in position on end of 
tool. Have the pressing bl<»ck in place in breaker compartment of magneto 
housing and place them so that the back surface of block will either rest on 
drill press tabic or against lathe face plate, as the case may be. Insert tool 
with ball race in magneto housing. Correct alignment of ball race with 
container may be l>cst irbservcd through opening lietwcen the pole shoe 
extensions on the magneto housing. The race should have a light press 
fit. After it is in place, the narrow strip of the insulating strip extending 
above the race must be cut off with a sharp instrument. 
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21203—Puller for small twelve cylinder distributor gear. 

To Operate.—Turn screw handle in an anti*clockwisc direction until 
shaft extends at least 2J/J inches l>cyond threaded end of collet. Slide lock- 
ring back until it is off tapered surface of collet jaws. Place tool over drive 
shaft and back over small distributor gear until pulling edges inside the 
collet jaws fit in l>chind the gear. I-ock collet jaws in place around gear 
by sliding lock-ring forward on their tapered surfaces. It is imperative 
that the edge inside collet jaws be behind hack edge of gear before locking 
collet around it, thus preventing damage to gear. 

To Remove Gear.—Turn screw huiulle in a clockwise direction. 

21202—Puller for jii.side ball race—scvenlccn millimeters. 

To Operate.—1*11 rn screw handle in an anti-chK-kwisc direction until 
shaft extenils at least 3H inches beyond threaded end o( collet. Slide 
lock-ring hack until it is off tapered surf.icc collet jaws. Push tool on 
over ball race and hack until oj^en end of collet hears again.st face of .small 
distributor gear. Lock collet by sliding lock-ring b>rward on tapered sur¬ 
face of collet jaws until it scat.s firmly. It is imperative th.it the pulling 
edges of the collet jaws he l(H*ked hehimi and around the Ixkck edge of this 
ball race on all types of Scintilla Aircraft magnetos. 

To Remove Race.—Turn screw haiulle in a clockwise direction. 

2070^.1—Puller f*»r insi<k hall race—fifteen niillinieters. 

To Operate.—Turn screw handle in an anti<K»ckwise direction until 
shaft extcn<ls at least inches beyond threadr<l end of collet. Slide 
lock-ring hack until it is off tapered surface of collet jaws. Push tool on 
over IkiII race and note that the collet jaws arc hearing on the annular 
groove of hall race. Lock to<»l to hall race by sliding hK^k-ring forward on 
tapered surface of collet jaws until it scats firmly. 

To Remove Race.—Turn screw handle in a clockwise direction. 

22972—Puller for outside hall race—seventeen millimeters. Hold body 
of tool in a vertical position and turn nut on threaded sh.ift in an anti¬ 
clockwise direction until the .shaft has dr<»pped tlinmgh t<iol l>ody suffi¬ 
ciently that the expanding collet on hiwcr end of .shaft is at least inch 
below the lower end of tool Ixidy. Turning the "T** handle on end of 
threaded shaft in a clockwise direction lower taper in expanding collet, thus 
permitting its spring tension to close collet so that it may he inserted 
through hearing race until it rests on back wall race container. Turning 
the "T*' handle on end of threaded shaft in an anti-cltn-kwisc direction draws 
the taper on lower end of shaft upwanl. thus expanding and locking the 
wedge-shaped jaws of collet behind the hall race. Turning nut on threaded 
shaft in a clockwise direction causes lower end of t<H»l Inidy to hear against 
front end plate and exerts a considerable pull on threaded shaft, thus remov¬ 
ing the outer bearing from its container in the front end plate. 

20767—Puller for breaker cam. 

To Operate.—Turn screw handle in an anti-clockwise direction until end 
of screw is at least two inches from threaded end of ctdlet. Slide locking 
sleeve off tapered surface <if collet jaws. Place «ipeii end of collet over cam 
and move tool hack until the raised surface inside collet jaw is behind 
ground surface of cam and over its small diameter. Slide locking sleeve 
forward on tapered surface of collet jaws, thus hiking them in place around 
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cam. 

To Remove Cam.--*Turn screw handle in a clockwise direction. 

2297Puller for outside ball race—fifteen millitnelcrs. Hold body of 
tool in a vertical position and turn nut on threaded shaft in an anti¬ 
clockwise direction until the shaft has dropped ihrouph the tool body 
sufficiently that the expanding collet on lower end of shaft is at least 
yi inch below the lower en<i of tool body. Turning the “T*' handle on end 
of threaded shaft in a clockwise direction lowers taper in expanding collet, 
thus permitting its spring tension to close collet so that it may be inserted 
through bearing race until it rests on back wall of race container. Turning 
the handle on end of threaded shaft in an anli-clockwisc direction 
draws the tajjer on lower end of shaft upward, thus expanding and locking 
the wedge-shaped jaws of collet behind the ball race. Turning nut on 
threaded shaft in a clockwise dirccti<»u causes lower end of ti»ol Innly to 
bear against magneto hou.sing and exerts considerable pull on threaded 
shaft, thus removing the outer bearing race from its container in the mag¬ 
neto hou.sing. 

4-l4i^Kecper for pole shoe extension.^. This tool is placed across pole 
shoe extensions to avoid partial demagnetizing of rotating magnet w'hcn it 
is turned without coil being in place. 

4-14S—Rotor handle. This handle screws on the drive shaft and is 
useful when rotating magneto by hand f<ir checking iulcrnal tuning, etc, 

4*149—Die 3.5 millimeters Lowenherz for contact screw. 

4-l5(V-Tap 3.5 millimeters Lowenherz for sn]>port and lever. 

Tap and die for use in cleaning up contact screw threads. 

4*191—Gauge for safety gap. 

4-146—Keeler gauge for setting contact points. 

2090^—Reamer for breaker lever hushing. This reamer is tapered on 
more than one-half its cutting length, hence the cnrrccl size f<»r breaker 
lever axle bushing is not obtained unless the reamer is run through the 
hushing its full length. 

22683—Mounting tool for oil cover axle. 

22684—Mounting t(«>l for spring clamp axle. 

These tools are magnetized so that they will hold their respective axles. 


22682—Three drifts hjf axles 1.5 milHmelers. 

22682-1 . 1.8 x 35 millimeters. 

22682-2 . 1.8 x 20 millimeters. 

22682-3 . 1.8x10 millimeters. 

22681—Three drifts for axles three millimeters. 

22681 •! . 2.8x32 millimeters. 

22681-2 . 2.8x15 millimeters. 

22681-3 . 2.8x45 millimeters. 

2204^—Locking tools for divers screws. 

22045-1 .0.7 millimeters. 

22045-2 . 0.5 millimeters. 

22045-3 . 0.3 millimeters. 
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SPLITDORF AIRCRAFT MAGNETO—BATTERY IGNITION 

SYSTEM 

Splitdorf AircraJt Ma^etpt—SpUtdorf and ^SS** Magnetos^Mechanical Open« 

tiorv—Electrical Operati<M^In6pection and Testing Model **SS*' Magneto—Split- 
dorf Double Magneto—VA Magneto DetaUe^Llmiutiona of Lever Type Breaker 
^Pivotleu Breaker a New Development—Delco Battery Ignition Syatem^Delco 
Wiring Diagrama^Charaettriitica of Ideal Ignition Syttein—Radio Shielding— 
Sparkplug Design and Application-*-Two Spark Ignition—Electric Generators 
for Airplanes—Third Brush Regulation—Voltage Regulated Generators—Aircraft 
Storage Batteries. 

Splitdorf Aircraft Magnetos.—Tlie Splitdorf Electrical Co. of Newark, 
N J.. has recently brought <nit two new magnetos for aircraft engines which 
are remarkable on accemnt of their low weights. One is the NSO. for the 
Ignition of nine*cylindcr radial engines, which hy changing certain parts 
and running it at lower speeds relative to llte engine cratikshaft can he used 
also for engine.s with a lower number of cylinders, down to three: the other 
is the VA2. a double magneto, which generates twice as many sparks per 
revolution of its rotor as the NS nio<lel. an<! can he used to priivide double 
spark ignition for aircraft engines of from three to twelve cylinders. 

Both magnetos arc of the inductor type and emlHuly the peculiar mag* 
iictic field structure which has been characteristic of .Splitdorf magnetos 
for many years. The primary ami secondary windings arc wound on a core 
of U .shape, which is provided with separate pole pieces having polar sur¬ 
faces conforming to the poles of the rotor. The rotor of the single mag¬ 
neto has two p<dcs at each end, those at one end being at 90 degrees to those 
at the other end. At right angles to the inductor poles in the rotor tunnel 
are the poles of the permanent magnet. The poles of the rotor therefore, 
form magnetic bridges which carry the flux from the ]>oles of the magnet 
lo the coil core. When a rotor ixde spans Imlh a magnet pole and an induc¬ 
tor pole the magnetic circuit is c*iinplcted. and when the trailing edge of the 
rotor p<jIc passes out from under the magnet pole or the inductor pole the 
magnetic circuit is interrupted. It is, of course, this opening and closing 
of the magnetic circuit through the coil core that results in the generation 
of electric impulse.^ in the high tension coils. 

The present type of single magneto for nine-cylinder engines (the NS9) 
weighs not quite ten pounds, but by the substitution of cobalt for tungsten 
steel magnets it is hoped to reduce the weight of the complete magneto to 
1‘ighl pounds. This is shown at Fig. 190A. 

All of the cast parts of the magneto are aluminum alloy die castings, 
the four more important ones being the rotor, the magneto housing and the 
front and back plates. The breaker housing also is a die casting, while the 
breaker base is a bronze forging. All parts o( the magnetic circuit except 
the magnetos themselves arc made of transformer stock (silicon iron) 
0.008 inches thick. There are four diFerent assemblies of these laminations. 
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Pig. 190A.—Front Slevation and Longitudinal Section of Splitdorf NS-9 Inductor Type Magneto. 
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viz., the magnet poles, the rotor poles, the inductor core and the inductor 
poles. The rotor, which weighs one and one-half i>ounds, has a shaft made 
of three and one-half per cent nickel steel, heat treated and ground, and is 
supported in Norma HofTman deep groove ball bearings. 

The coil core, after being in.sulated, is wound with primary winding at 
the bottom and with the secondary winding over the primary. The secon¬ 
dary winding consists of enameled copper wire 0-(K)2 inches thick, and 
sheets of paper and varnished silk an* placed between the layers of wire. 
After the coils are completely wound they are impregnated with insulating 
varnish in a vacuum and then subjected to pressure in order to force the 
insulating compound into c<*ils. This process comprises a number of steps. 
The coils arc first heated and arc then placed in a cast-iron cylinder from 
which the air is exhausted by means of n snilable vacuum pump. By open¬ 
ing a valve, an insulating comt>ouud is then allowed to flow from an ad¬ 
jacent container into the vacuum chamber, until it completely covers the 
coils therein. Next, by opening ainitber valve in a pipe from a cotnjircsscti 
air lank to the top of the vacuum chamber, air is admitted to the latter 
until a pressure of 90 poutnls per square inch is excrtcvl on lop of the insu¬ 
lating compound, which latter i.s forced into all of the pores of the coil. 
The air pressure is left on fr»r half an hour. Tlic coils are then removed 
from the vacuum chamlier and buke<l in electrically healed ovens for 24 
hours, allowed to coid. and baked u secon<l time. 

The breaker used on those magncto.s is of the high speed type and is 
operated by a ftuir-lobc cam on the rotor shaft. The breaker arm itself is 
of spring materiid. Between it and the cam there is a lutnij)er of hard fiber 
which is held at the end of a laminated spring, being riveted to the end of 
the main leaf, which is bent at right angles. The breaker points arc either 
of precious metal (a plalinum-iridtum alloy) or of pure tung.<tcn. They 
are adjusted to open 0.008 inches by means of a pinion and rack mechanism 
which moves the so-called movable breaker iKiinl in the direction of motion 
of the fixed point. These details arc best shown in one of the end views of 
the double magnetos. 

The chief object of the double m;qjnelo sht)wn at Fig. I0l is to produce 
two simultaneous or nearly simultaneous sparks in t)ie combustion-chamber 
of each cylinder. In many of the cases one of the sparkplugs is located ad¬ 
jacent to or opposite the exhaust valve, while the other is stmilarly placed 
with relation to the inlet valve. It has been found that where such double 
ignition is employed the best result.s arc obtained if the spark occurring 
near the exhaust valve is given a slightly greater advance. This is un¬ 
doubtedly due to the fact that the flame travels slower in a mixture con¬ 
taining a somewhat greater pro)K)rtiou of spent gases, as docs the portion 
of the charge near the exhaust valve. In order to make it jHissihlc to time 
the two sparks independently, the breaker base is made in the form of two 
semicircular discs. With the double magneto two breaker arms arc used 
which would normally he placed exactly opposite each other. However, in 
order to permit '^staggering** the sparks by a few degrees, the semicircular 
breaker bases are made with oblong holes through them, permitting one of 
them to be adjusted angularly with relation to the other. 
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Fig. 190B.—Front and Rear Elevation and Longitudinal Sectional View of Type SS*12 Splitdori Magneto. 
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The double magneto is designed for vertical mounting, which has been 
lound of advantage from several points of view. It makes the drive very 
simple, as the magneto can be driven directly from the crankshaft through 
a pair of bevel gears, and the mounting on a machined surface on the crank¬ 
case extension is also very convenient. One magnet is placed on each side 
of the rotor and its housing. The arrangement of the poles in the rotor 
tunnel is somewhat different from that in the single magneto. In the latter, 
as explained, the magneto poles are at right angles to the inductor poles, 
hut in the double magneto the angular spacing is 60 degrees, it being neces¬ 
sary to accommodate four magneto poles instead of two. A.side from this 
difference, the magnetic circuit of the dnuhle magneto is (jiiite .similar to 
that of the single machine. The c<Midcnscrs «sc<l with these magnetos are 
liuilt of alternate layers of tinfoil and mica and have a capacity of one* 
(|uarler micro-farad each. In the single magneto the condenser is placed in 
a pocket formed in the hack end tdatc. while m the duuhic magneto the two 
condensers are placed similarly in t><»ckets formed in the top plate, on op¬ 
posite sides of the interrupter honsitig. 

With the latest design the distributors are separate parts and mounted 
on Ihc end of the engine eaiiushufts. rhiTe is a .single high-tension cimnec- 
tion between the magneto and the distributor. In the case of the double 
iu:ignet(» there is a single high-tension cable frc»m each c<Jii to each distrihu* 
lor. The.sc high-lcnsioii cablc.s are completely sinehled to jirevcnt interfer¬ 
ence with radio reception. At the outlet from the magneto there is an L- 
ty]>e fitting of die-east aluminum, aiuk fnnn tins to the distributor the cables 
arc jirolecled by tinned copper brauling. Thus all jiarts carrying the high- 
tension impulses are covered by metal and the emission of waves from them 
is prevented. 

bike all magnetos, the Splitdorf is provide<l with a safety spark gap 
which prevents the voltage in the secondary from Imilding up to dangerous 
values when there is an unusually high re.sistance in the secondary circuit, 
as when the sparkj)lug cable ts disconnected. In the single magneto illus¬ 
trated herewith the safety spark gap is shown to be between the service 
brush and a grounded s]iark point located on tbc distributor gear. With the 
rioubic magneto there arc two such safety spark gaj>s. each protecting tme of 
the high-tension windings. Owing to the fact that if there is repeated 
sparking at the safety gap in an enclosed space, the air within this space 
becomes ionized and then loses much of its electrical resistivity, permitting 
the spark to pass at the safely gap at much lower voltage than normally, it 
is necessary to ventilate the inside of the magneto. 

There is some objection to having the safety spark gap exposed on the 
inside of the magneto, for the rea.sun that the sparks produce nitrous oxide 
which attacks the cuprous materials, forming copper nitrate. In the latest 
design, therefore, the safety gap is located inside a .small porcelain tube 
which is immune from attack by the nitrous oxide. However, owing to the 
reduced space within the tube the air therein would become ionized very 
quickly if sparks should pass and efTcctive ventilation were not provided. 
This ventilation, however, must be elTected in such a way that there is no 
possibility of the sparks at the safety gap igniting any combustible mixture 
that may be present in the vicinity of the magneto. This is accomplished 
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by veiiiilating: the chaml»cr through a tong, small-diameter hole in the metal 
housing of the magneto, which will quench any flame that may start inside 
the spark gap housing t»cfore it reaches the atmosphere. 

The distributors used with these magnetos may also distribute the spark 
from an auxiliary starting magneto. This spark enters the distributor by 
way of a bronze ring inouldc<l in the housing and is picked off therefrom by 
a radial rotating electrode, or “brush/* This latter connects with another 
rotating electrode, the fxiint of which sweeps past the distributor sectors. 
The starter “brush** trails behind the service “brush** in such a way that 
the starting spark occurs in the cylinder when the piston in it is on the 
down stroke, su that the engine cannot po.ssibly start in the reverse direc¬ 
tion. 

The Splitdorf S and SS Magneto8.~Tbc design of the Splitdorf models 
S and SS line of magnetos Is based on years of research and construction 
of both nrtnalnro and imliictor ty|>e instruments. They incorporate the 
tncclianical ami electrical improvements necessary to make them rugged in 
construction, simple in design, enclosed dust, oil and water-pr<H>r, with such 
spark intensity to sjjark at extreme lf»\v sj^ceds and under high compression. 
This jnagncl«> i.s of the indnetor type ns .shown at Fig. 190 B and the design 
is based on years of research and construction of both armature and in¬ 
ductor type magnetos. ]t incor]>or«a1e.s the mechanical and electrical Im- 
provenicnls necessary to make it the last word In an igititlon instrument. 
In the follinving semi-I eel mica I <le.seription the salient features will be ex¬ 
plained under two captions, electrical nnd mechanical. This is done for 
the sake of sinitilieity anc] the )>oinlH w*i1l be noted in their proper relative 
order proceeding from IkiiIi tbe mechanical and electrical sources of energy, 

Mechanical Operation.—Starting at the drive end, which is of standard 
S. A. K. dimensions, the steel rotor shaft is of one piece passing entirely 
through the rotor. It carries the rt»tor inductors and is .supported on ball 
bearings. I'he laniinalcd .soft iron inductors are fastened to the shaft by die 
cast aluminum. 1*he shaft is of .smaller section in the center and is flat¬ 
tened nnd provided with a driving pin which insures a very substantial 
means of carrying the rotor inductors on the driving shaft while at the same 
time providing magnetic insulation. Tbe two ball bearings on the shaft 
are carried in end plates which fasten to the frame of the magneto. These 
end plates are doweled into the bore of the frame, insuring perfect align¬ 
ment. Tbe frame is of die cast aluminum in which are set two magnet pole 
pieces and two coil pole pieces. It will be seen that the method of securing 
tbe in<iiiclors ami tbe rotor and the pole pieces and the frame provides the 
greatest mechanical rugged ness pos.sible. The breaker, cam and distributor 
pinion arc carried <m the rotor shaft, following out in general the customary 
Splitdorf design. The breaker mechanism and the distributor are com¬ 
pletely enclosed in a compartment formed by the front plate and cover. 
The breaker mechanism is attached to a base carried in the frame and ca- 
paldc of sufficient imwemcnt U* provide for advance and retard. The breaker 
bar is of a light weight pressed steel construction, grounded through a 
stranded copper strip to the frame of the magneto. 

The model SS has its condenser attached to the front plate and is placed 
behind the distributor gear. The model S condenser is carried on two studs 
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attached to the breaker base, a flat spring fastened to the metallic condenser 
case prevents the breaker bar from coming off the stud but provides easy 
access to it and facilitates its removal. The model SS platinum contact 
points are of the conventional desi^fn and adjustment is made in the usual 
way by moving the stationary contact screw. The model S stationary con¬ 
tact point is carried on an adjiislable bracket which jirovidcs the necessary 
adjustment for setting the iKihit. It also has the added advantage that in 
adjusting the points the stationary point is not rotated, thereby insuring the 
two contacting surfaces always being parallel and retaining their original 
seating. The method of adjusting the point is described by a sketch and 
prijited paragraph on the surface of the coiulenscr. Thus each magneto 
carries its own instructions for adjusting the points. 

The distributor gear w'bich meshes with the steel driving pinion on the 
rotor shaft is carried on its steel shaft in a plain, well lubricated bearing. 
The distributor disc i.s su]>jHirte<l by the disirihutor shaft uu<l attached to it. 
The front cover which cor«(»letely seals the breaker and dislrilnitor com¬ 
partment carries the advance lever. The ailvance lever is attached to a 
shaft and by means of an arm to the breaker h.ase. 1*hc design is sufficiently 
flexible to alh»w placing the adv«iiu*c lever in the right, left or vertical posi¬ 
tions. The ni(»del SS distributor hl<»ck is completely enclosed in the dis¬ 
tributor and breaker compartment. The sparkplug cables which attach to 
it arc carried out through the frame in rubber grnnimels. The nuidel S 
front cover which completely seals the breaker and dislnj)utor compart¬ 
ments carries the di.strihutor hU^ck and the advance lever. Tbo advance 
lever is attached to a sh.aft and hy means <4 an arm to the breaker base. 
The design is .sufficiently flexible to allow placing the advance lever in the 
right, left or vertical positions. The moulded distributor block carries the 
distributor brushes and provides a novel. c[uick and water-proof means of 
attaching the sparkplug cables. 

MOUKI. S5> !2 AINCRAhT MAtiNKTO 


Dim 


Specific Nn. 

Rrt- 

Shaft 

Height 

lilmk 

Fi rm;j 

AiikIo 

firar 

Ralio 

S|KTd 

4 Cycle 

Ren^arks 

SS-12.4313 

KH 

.^nin 



IK-l 

Aircraft 

SS-12-4314 

RH 

SOntni 


3-1 

1/.-I 

Aircnift F. S. 

SS-12-4315 

LH 

SOintn 

30* 

.VI 

VA-\ 

Aircraft 

SSd2*4316 

LH 

SOmm 


.VI 


Aircraft F. S. 

SS-)2-4317 

Ln 

55mnt 

.to* 

VI 

IK-I 

W rich!'Aircraft 

SS-12-431ft 

RH 

50nim 

.to* 

.VI 

IK-l 

Curtin 


Electrica] Operation.—The horseshoe magnets (mmlel S having one, 
model SS two) arc secured to the magnet pole pieces of the frame by the 
magneto cover. The flux is taken from a comparatively small area at the 
ends of the magnets. The magnetic patch is through the magnet, the mag¬ 
netic pole pieces, the rotor inductors, the coil })olc pieces, and the coil core. 
The soft iron portion of this circuit is laminated. The rotor inductors are 



436 


MODERN AVIATION ENGINES 


properly spaced to generate current for sparks at the desired firing angle. 
These angles of the rotor inductors may he equal, as in all SS models, S4, 
etc., or they may be unequally spaced as in m<^el .S2-42 degree motorcycle 
type. This construction eliminates any pc^ssibility of the shaft becoming 
magnetized. The c<»il is wound on an inverted “U** shaped laminated core, 
the ends <if which are enlarged to olitain sulficicnt area of contact with the 
coil pole pieces. 

The primary and secondary coil connections are stddered to the coil 
terminals, eliminating screws at these points. The flexible insulated wire 
from the primary winding to the circuit breaker is carried through the 
breaker <lis|ril>ulor CiMupariinent. '(‘he connection from the secondary 
winding to the di.stribnuvr is carrie<l through a well insulated connector 
which carries the high tension current Xu the stem of the distributor disc. 
The safety gap is located belwcen the secondary winding (d the coil and 
the distributor, where its electrical cfTiciemy is greatest- The distributor 
disc is moulded frcmi a newly devclo))c<l material having a higher dielectric 
strength than other inouldc<l insulators. 

Inspection and Testing Model SS Magneto.—The following procedure 
is reconimen<led by the Sjdildurf l^lerlrical C ompany for inspecting and 
testing the SS magneto in a systcinalir manner.— 

1. See that the rotor turns freely. Jlc .sure that you distinguish magnetic 
pull from a scra]>ing or binding of the roli»r. 

2. See that all screws and nuts arc tight, and have Inck washers, cotter 
pins and seals where .specified. 

3. See that oil covers arc not oi)en excessively around the edge of oil 
hole. Sec that oil hole is open to the bearing 

4. Examine cam to see (bat it is not cracked or burred and tluat the sur* 
face is smooth. Sve that buni]icr rides Mjiiarely on cam. 

5. See that primary cimncctions are clean and make good electrical con* 
tact. See that the jirimary wire is well insulated and iu its correct position. 
Primary wire .should not have broken, unsoldered or unprotected strands. 

6. See that the contact points line u]) and come together squarely; arc 
free from oil or foreign inadcT and arc properly set. The contact points 
should not be more than .0)4 inchc.« ont of line. 

7. See that the bumper and contact iHiints are securely riveted to the 
breaker arm. See that breaker bar ground wire is in the proper position. 

8. See that the condenser contacts are clean and make good electrical 
connection. 

9. See that the distributor gear and pinion have punch marks to show 
the proper meshing of the gears. 

10. See that the primar)' wire dears the advance lever at bottom of 
breaker base plate in both the advance and retard positions. 

11. The contact iM)ints must not open more than .024 inches nor less 
than .020 inches nor must they arc or flame excessively at any speed within 
the test range. 

12. All brushes and thrust buttons must be so fitted that they may be 
completely pushed into their sockets and will freely return to their normal 
position. In normal ixisitinn the brushes must stand perpendicular to the 
surface with which they contact. Do not change tension of carbon brush 
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spnoRs. Very little tension is rcquircfl. 

13. The ends of carbon brushes must he sqiinrc, sinootlily finished and 
the edges not nicked. 

14. The interior surface of the distrilnitor block should he cleaned of 
any carbon deposits, also from dislrtbulor disc. With ma{»nett»s having 
adjustable brush jump spark or distribnlor. the clearance between seg¬ 
ments in block and brush should be .010 inches. 

15. The advance mechanism must operate freely and be held firmly in 
position by the clamping springs. 

16. See that distributor bbick retaining wire holds the block tightly in 
place. (S models.) Clamping wire cun be bent to .suit. 

17. The magnets on all magnetos shoubi be ]mt on with special keeper 
mentioned in tiKil list, and the (mlarUy should he the same on all magnetos 
of the same specification nnniber N<»rth leg of magnets should be marked 
with red paint, extemling down almtil one-ejuarter inch on base. 

18. The gap between the rotor wing' ami {sde piece in the full advance 
position wheti the contact ponit.s have sefiuraled .(MJI inches or when the 
buzzer ceases to vibrate, if tested uith a bnzuT should be from .035 inches 
to .050 inebes inclusive, e\ce)d ilie SJ 4i <legrec uml 45 ilegrcc in which the 
close break shall hr set with ^'JJn-incli gunge nhich results in rotor break 
of approximately .0.50 inches between the |M»b’ uml ndor wing. I'ixeil spark 
machines are to be locked in full advance t»o<itioTi. 

19. 1'hc inagnielo shoithl be limetl by ttirning llic rotor in the proper 
direction of roiaiion and the c<»ntact points slumld remain closed until the 
distributor brush is fully on the segment of distributor disc i»r block in the 
full advance position. 

20. Cam oiling wick should be saUiratcd with heavy cylinder oil (600W) 
when placed in service. Ball livarings are to be packed wilb dber grease 
or vaseline during a.ssrmbly and no further <dl or grease added before ship¬ 
ment. 

Plain bearing machines are to be carefully oiled with a good grade of 
machine oil before road test and a few drojis added to each bearing before 
shipment. 

21. The spark should not jump the .safety gap at any speeil when each 
dislrilnUor wire is connecte<I to an individual spark ga]» <»f inch- 

22. Magnetos should cease to spark when the grounding terminal is 
short circuited. 

23. Test speed.s of aircraft magnetos—150 to 4,200 r.p m.—full advance- 
s])arking over five millimeter gaps i)f thinl jamit type in open air. 

Splitdorf Double Magneto.—.At (he rcipie.st **f the Materiel Division of 
the Army Air Corps the Splitdorf Electrical Co., through its chief engineer, 
R. B. Nowosielski. deveh^ped the Siilitdorf M<Klel-YA vertical double mag¬ 
neto, as shown in Fig. 191 A in part section and Fig. 191 B as it appears 
ready for installation on an engine. It is interesting to note that the first 
experimental model was made by splitiing two Dixie-100 hand-.<itarting 
magnetos horizontally through the center line and bolting the two halves 
together with a common inductor-rotor. This tyiie of magneto is of a very 
simple, compact and rugged design and is probably the first type specially 
designed for aircraft engines. Us fcalure.*^ arc:— 




Fl^. t9lA^Sectional and Outaide Views of the Splitdorf VA-2 Magneto, for Aircraft 


















SPLITDORF DOUBLE MAGNETO 

(1) Two electrically independent sources of spark from one unit weigh¬ 
ing less than one convunlional single magneto 

(2) Single shaft with flange mounting allo^^ing direct .spHned shaft or 
gear drive and eliminating the necessity fur sjtecial drive shafts and 
mounting brackets « 

(3) Constant angular rclalion between two sparks cither synchronized 
or staggered; one sjiark-advance cuiitrid-r<u! 

(4) Distributors driven (rum the camshaft without sjH*cial gear- 
re<!uctiun 

(5) A single ty]JC of magneto b»r engines having any numlier of cylin¬ 
ders. 

The construction of the VA vertical tloublc magneto will be described 
in proper scfiucnce. 

Splitdorf VA Magneto Details.—The Splitdorf VA Aircraft Magneto is 
a most recent development, 'rhis instrument is made to he mouulc<l ver¬ 
tically in the **Vcc** i»f the engine, rcijuiring but a single drive and one 
control rod to the magneto breakers. This instrument delivers two sparks 
simultaneously, or at s[inec<l intervals. In clTcel the opcrutimi of this mag¬ 
neto is similar to two independent ignition units, whereas structurally it 
is a double magneto arranged into a single assembly with the parts requir- 
jiig fre(|ucnt inspections so placed that they are rea<lily accessible and easily 
serviced. The S])iildorf VA Ibmblc Aircraft Magneto is (►f the inductor 
type, iiroducing four double sparks per revolution. In its design many 
innovations in construction have bee i introduced with the object of secur¬ 
ing a higher degree of electrical clllciency and a unit that would lie mechan¬ 
ically .str<mgCT and roiistructionally more accessible wnli a nniterial re¬ 
duction in w'cight. It bring possible to use aluminum alloys extensively in 
this design, together with the possibility to laminate in ailduion to the coil 
poles both magnet poles, coil cores ainl rotor inductors which convey the 
rapidly changing nnigneUe lliix; there can be ii<» doubt that these distinctive 
details account for tlic very efficient |icrfcprinance of llic.se magncUis in serv¬ 
ice. by virtue of the laminated parts, eddy current damjicning is reduced 
to a mminiuin. suhslantially improving the electrical characteristics of these 
instruments, 'fbe fat sjiarks prorlucc<l by this ly|>c magneto arc of greater 
mtcnsily and duration than can be obtained from any other system of igni¬ 
tion. 

This magneto consi.sts of a frame, top plate and bottom plate, rotor, 
breaker housing, and magnets. Cast into the io\* and bottom portions of 
the frame on opposite sides are four separate coil poles, it being understood 
the other sides carry the magnet ]joIc.s. The coil poles are bridged on each 
.side by the laminated *’U** shapefi coil cores, the centers of which carry the 
usual primary and secondary windings commonly used in high tension 
magneto constructlou. The rotor consists of four Intninatcd inductors 
spaced around the circumference and arranged apart from each other and 
displaced 00 degrees. The rotor shaft is of steel reduced at the center and 
die cast in place with the in<luct4»rs, making a ri^pd .ind well balanced struc¬ 
ture. The extended portions of the shaft carry the ball bearings, the cam on 
one end and the u.sital drive at the other end. 'I'hc top niul bottom plate.s arc 
provided with suitable dowels. These register into the rotor bore and carry 
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ball races for the supporting of the magneto rotor. It will be noted that 
with the magnets in place, coils in position, and the rotor bridging the coil 
poles, causing magnetic lines of force to flow through the coil cores, an 
electric current is induced in the windings. With tins disposition of poles, 
coils, inductors and magnets, it may be readily seen that one revolution of 
the rotor ])ro<liiccs h>ur complete fliiv reversals in each coll core, thus giving 
this instrument the capacity of producing f<mr double sparks per revolution. 

'rhe “U" sha]ie<l magnets arc made fnnu tungsten steel, carefully hard* 
cnc<l and accurately ground t<» give the largest ]H»ssil>le surface contact 
with the pole pieces, producing a magnetic field of maximum strength and 
ciTiciency. 

briefly, the breaker is made up of two specially developed breaker bars 
provitle<l wiih the usual cuntucl ]M*inls and siirings and co*opcratjng with 
the insulated adjustable contact screws. IVovision is als<» made for the 
movement of one breaker plate a certain number of <1egrees s<» that one 
spark may be definitely timed fnnn the other, permitting an earlier spark 
over the exhaust valves shiUild this be desired. A single cam of conven* 
tional design actuates both breaker arms, giving four breaker openings per 
revolution. Cam lubrication is by o\] wick. Two carefully made mica con¬ 
densers of the pro)>rf capacity are iiuuinlrd in the recessed portions of the 
top plate adjacent to the circuit breakers, shunted acru.ss the contact points, 
and connected to the primarv winding.s in the u.snal manner. One of the 
advantages of this arrangement is the ease with which parts can be replaced 
when necessary. 

The disiribulor.*^ are of the jump gap tyj»c, moulded from a rubber coiti- 
pound having higli dielectric projicriies. 'J'he rather unusual method of 
mounting the distnimlur Idocks uii tlie camshaft housing has w'orked out 
entirely satisfactory. With this arrangement the <listributor drive is of 
simple construction rarely re<]uiring attcnlion. 1*he high tension leads 
from the coils terminate at the msulHled connectors on each side of the 
magneto. Snitaldc cables c<mvcy the current to the distributor spools and 
from here it ks di.stributed to lilt* sparkplugs in the usual maimer. 

Limitations of Lever Type Breaker.—The conventional lever-type 
breaker mechanism of good ilesign is satisfactory at sparking rates up to 
about 10,(KK) sparks per inimite. Above this spcc<l. the inertia <if the breaker 
lever is usually suOicient to prevent it frtnu folUiwing the movement of the 
cam. and chatlering occurs. Rather than ovcrc<inie this chattering by in¬ 
creasing the sjiring^ leusioii on the lever, with the resulting increased con¬ 
tact and rul>biiig-hlock pressures, a solid bum|>cr. or a buffer-spring, is 
placed bcliind ibe lever t<» limit its travel and t<» allow the spring to return 
the lever to the closed jHjsition in lime f<»r another spark. This chattering 
greatly increases the uear of the contacts )>y introducing high impact-loads 
as the contacts cIoj'C. uml by causing additional arcing at the contacts when 
the lever bounces several limes before coming to rest. So long as the lever 
follows the cam. the ch)sing velocity is governed by the contour of the cam 
and can be made much less than is the case when chattering occurs. 

A cylindrical pivot-hearing i.s u.sually provided for the contact-lever, 
cither near the center or at one end. This bearing must have an insulating- 
bushing in the lever to prevent the pitting of the pivot-pin by electrical dis- 
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dtarges from the lever to the pin. These are usually high-frequency static 
discharges that occur in spite of the fact that the lever is grounded through 
the spring. The hihrication of this hearing is particularly dinicult, as the 
motion is oscillatory, and foreign particles do not work out of the hearing: 
consequently, any rust, nunsturc or wear tends to cause the lever to stick. 
Some means for lubricating the pivot-hearing ami cam must always be pro- 
vuled. Experience shows that such breakers require frequent attention 
when operated on high-speed engines. 





Pig. 1918.—Th« Splitdorf Model VA Double Magneto which Weighs but Thirteen 

Pounds. 


Pivotless Breaker New Development.—In an attempt to eliminate the 
various troubles encountered in service with the Icvcr-type breaker, the 
experimental engineering section of the Materiel Divi.sion umlprlocjk the 
development of a breaker to meet the following requirements: 

(1) Ability to operate continuously at speeds equivalent to 3.000 r.p.m. 
on a twelve-cylinder engine, at 18,000 sparks per niiuiite 

(2) Minimum impact-loads on the rubbing-block and contacts 

(3) Elimination of the pivot-bearing and lubrication of the breaker 
mechanism 

(4) Simple adjustment of the breaker without special tools and without 
disturbing the alignment or refacing the contacts 

(5) Elimination of flexible lead-wires from the primary winding to the 
breaker. 
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After tlie design and construction of a number of experimental breakers 
and several thousand hours of testing, two types of pivotless breaker were 
developed. 

The pivot less type of breaker has shown its superiority over the lever 
type from the very first experimental model. Three conventional lever 
types of magneto were bench-tcslc<l at ,VSOO r.p.m. and ran continuously 
without adjustment for 15. 100 and 1K> hemrs respectively, In each case, 
the contacts were wt^rn siifficienlly to rc(|uire either rcfacing or renewal. 
The first jnvollcss tyjw ran for more than 5(*) hours on the same set of con- 
tact.s at 4,200 and was still in good conditiem, the total wear on the 
points being alxml O.OOR inch. A pair of pivotlcss breakers on a vertical 
double magtielo reccnlly ran for 1,015 hours at 4,200 r.p,m. withcnif trouble. 

Delco Battery Ignition System.—'I'hc Delco ball cry ignititm system was 
first applie<l to tlu* l.iberty engine becau.se no magnetos were in production 
that would give llie proj^er cnrrcnl delivery on account of the sparks not 
being spaced at exact interv.als, <luc to the small angle between the cylin¬ 
ders, ami the battery distribtilnr could lie easily adajUed to tins irregular 
spark <listril>nlion without li»s.s<if spark intensity. It ivas foun<l that ccrt.iin 
advantages were realized by the use of the Delco distrihulor which had the 
following features:— 

(1) Direct drive from the canish.aft 

(2) Ignition coil integral with the <iislrihiit*»r he,ad 

(3) Double breaker artns 

(4) Auxiliary contact arm to prevent sparking on reverse rotation 

(5) Carlnm brush type di-stribnlnr 

(6) Spark advance effected by shifting llic entire distributor. 

The use of a carbon brush in the distributor necessitates frequent clean¬ 
ing of the distributor track to remove the oil and carbnti. It has also been 
found that moisture in the coil insulation that had not been entirely re¬ 
moved during the ))rocess of manufacuirc greatly reduces the energy of the 
spark, when the coil reaches a temperature more than 150 degrees Fah¬ 
renheit, sometimes causing scattered missing and roughness of the engine. 
This ha.s been a very obscure trouble and, as usual, the condenser li.as been 
Idamed for much of it. The usual method of cure has been to ]iut on a new 
distributor. M<ire or less trouble has always been caused by oil leakage, 
particularly on inverted engines. To overcome this trouble and to improve 
the reliability of the distributor, the Materiel Division, with the co-operation 
of the Delco Co., has worked out the following modifications, for converting 
the carbon brush type of distributor into what is called the Liberty Delco 
air-gap type of di.siributor: 

(1) Carbon brush replaced with metal pin to give an air-gap <li.stributor 

(2) All moisture removctl from coils by careful vacuum drying at 250 
degrees b'ahrcnbeil, and rcvariiisbing the exterior 

(3) Upper rotor-shaft bearing rcjdaced with new bearing having in¬ 
tegral oil-retaining washer 

(4) Bakelite coi1-hou.sing and aluminum dUtributor-cup replaced with 
new parts accurately m,achim*<l to assure concentric <lislribulor track 

(5) Suitable oil-drain holes provided to remove the excess oil 

(6) Fireproof vent-holes in distributor cup. 
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These chants have virtually eliminated troubles from carbon on the 
track an<l oil leakage. Four distributors were run on the bench for 350 
hours without attention and no “irackini?*' was experienced. Service tests 
in flight h:tve shown a similar freedom from carbon troubles. 

Delco Wiring Diagrams.—The wiring diagram at Fig. 192, which is sim¬ 
plified by only showing one .»»ecnn<lary cable and plug connected to each 
distributor hcml cl<’arly shows the electrical principle involved in the Delco 
system, (‘urrcnl from an engine driven gcnernt<»r, monnted ns shown at 
Fig. V>3 goes llmnigb a rnl-out relay in one M^^^ 1 n <ir thnaigh n voltaiic 
regulator in another and is u.^cd to charge a storage battery of the twelve- 



Fig. 193.—Rear and Front Views of Liberty Aviation Engine, an American Develop¬ 
ment that was Produced in Large Quantities in 191S. Note Generator Mounting as 

Shown at Left of Illuatration. 

volt type. The coinhfiicd <li>lrilKttor and contact maker ts mounted on and 
driven liy an extension of the cainsliaft in some systems and by separate 
gear drive from any convcinenl iK>int in other engines. Induction coils in¬ 
tensify the pnmriry current, the high-tension current being supplfe<l to the 
distributor brush in the usual mHiincr. From that member, it is led to the 
various sparkplugs m Ihcir proper firing order. The distributor used on 
P.'ickard 2Al5(X)aiid 2A25()0 is shf>wn at J*'ig. 1^ and the wdnng diagram of 
the Packard ignition system is shown at Fig. 195. A combined switch and 
amperemeter is used, there being two switch handles, one for intake plugs, 
the other to control the exhanst side sparkplugs. Either set or both sets 
together may be employed. 

Characteristics of Ideal Ignition System.—Based on the requirements of 
the types of military and commercial aircraft now in service and proposed 
for the future, Mr. Shoemaker believes that the ideal ignition system should 
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have the following charactenstics: 

(!) A rugi;c<] compact source of sparks 

(2) Flange mounting 

(3) Hearings large etumgh to allow a direct splined shaft or gear drive 

(4) Complete enclosure of the ignition system in a metallic housing con* 
forming to the space available on the engine 

(5) Secotidary cables carrird in substantial metallic housings preferably 
built inlo the cyliiidcr-ldock and connected directly to the dislribu* 
tor housing, without flc:tiblc braid or tubing, thus providing radio 
shielding and mechanical proteetkm and eliminating the hre hazard 

(6) Ignition drive from the pro]>e]ier end of the crankshaft to eliminate 
drive stresses 

(7) Ignition for starting direct from the ‘Vunning*’ magneto without 
the use of booster inagiu* 1 i» 

(8) ICfectrical insiilatioti for superclinrging to at least 20.000 feet. 

(9) A normal life, without lubricatiMii, adjii>tnicnt (»r cleaning* greater 
than the tune between the major overhauls <»f the engine 

(10) Accessibility in the airplane for inspection of breaker and distribu* 
Utr 


(11) ICasily removable *nud iiUerchangealdc breakers, comlensers* coils, 
aii<l distributor parts 

(12) Staiid:ir<li?'ati<»n of the ba^ic parts of a given make, such as main 
frame'', rmls. coudrusers. rotors. I^canllg^, lireakers, and the like, to 
make p<»sstble the use of the same parts with all types of engines, 

Many of these ideal features are yet to be reali}'.e<l. but the following 
may be considered as having reached a usable state of development: 

(1) A reduction in the weight f»f the ignition system of from 25 to 40 


per cent 

(2) An increase in the satisfactory o|*cratmg s)»ee<l of magnietos t»f at 
least HX) per cent 

(3) iCxteiision of the life of the magneto breaker at least hve times 

(4) Klim illation of tbc lire ha/arc] 

(5) Direct ilrivc wilbnut flexible oniplmg 

(6) Flange mtninting 

(7) Air-gap distributor 


In c<inclusioii it must be empbasized fliat the dcxelopment of ignition 
cquljnneut sj»ecially a<laple<l to aircraft engines ba> jn.st begun. So far. the 
conventional single magneto has the .same general appearance as the first 
magnetos built. A glance at almost any aircraft engine givc.« a distinct 
impression that the ignition equipment has lH‘en hung on after the engine 
was finished. The double magneto is an attempt to adapt the ignition to 
Che aircraft engine, but there arc still possibilities of smaller and more 
compact units than any now available and of more serviceable installation 
nn the engine. 

Radio Shielding.^In practice, it is necessary to surround the entire 
ignition system with \velbbon<le<l metallic housings that enclose the mag¬ 
neto, distributors, ignition cables, and as much of the .sparkplugs as |>ossible 
to prevent Interference with the airplane radio system. The iguitiuiKablc 
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tubes must be grounded at each cylinder, as high-frequency static charges 
will build up on the tubes and arc across to neighboring conductors if the 
tubes are not grounded at least every twelve inches. On many engines, 
iIk* use rn<lio shirbling will necessitate a rc-arrangenient of the accessories 
to allow the installing of the necessary manifolds and the proper housing 
of the distributor. 1*hc c|uc>lion naturally arises, why not u.se the cowling 
on all-metal 5hii>s as a means of shielding. This has been tried, but the 
necessity ft»r bonding wires between (be various sections of the cowling 
makes the ins pert inn and care of the ivowcrplanl very tedious, and the 
shielding is ou)\ about one-half as elTcctive as is the manifold type. 



Fig. 194.—Delco Battery Dialributor Assembly Used on Packard Model 2A-15000, and 

2A-2500 Aircraft Engines. 


The effect of shielding on the ignition is of considerable importance also. 
Mr. Shoemaker slates that the ad<lilion of grounded surfaces close to the 
secondar)' cables thnnighoul their length increases their electrical capacity 
.from 50 to 100 per cent. Tn some types of ignition in which the energy 
from the coil is ]inute<L this increase in sccon<lary capacity may he sufficient 
to prevent the coil from charging this capacity up (o the required sparking- 
voltagc, and missing will occur. When the spark energy is amplc» how¬ 
ever, the additional capacity causes the spark to be "snappier,** by increas¬ 
ing the initial capacity comptmeni of the spark. In one of the first shielded 
installations on the Lihcrty-12 engine, the secondary cables were each cov¬ 
ered with a tightly woven copper-braid, and the entire bundle of wires was 
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g 7 *oun(lcd to the engine at frequent intervals. This increased the secondar)* 
capacity to such an exieul that missing occurred in service. Ry removing 
the copper braid from the cables and using metal covers over the distribu¬ 
tors tl>at were connected to the manifolds in the Vee of the engine, the 
capacity was greatly reducecl «nnd no further trouble was cnccmnlered. The 
following interesting examples illustrate sonic of the obscure sources of 
radio interference. 

An inspection of several airplane engines nin on the ground at night 
showed the presence of many coronas and static discharges from various 
metal parts anmnd the secondary cables. TliC'^e were particularly pro¬ 
nounced with magneto ignition. I'Mder very fav<»ruble conditions, these 
static discharges will Ignite gasoline Several cases were found in which 
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Pig. 196.-^Mi€a Insulated Sparkplugs for Aviation Engine Ignition. 


the ignition sparks themselves jumped to ground where the clearance was 
too small. The obvuuis remedy ior such troubles is to enchise the sccivn- 
dary distributing system completely with \velbgrounde<! metal manifolds 
and to provide sufficient insulation, or clearance, around the sparkplug ter- 
minaU. This also meets the reijuiremeuts of radio shielditig. as previously 
outlined. In general, the pri»bU*ms of eliminating lire hazards due to the ig- 
nition system are tm>sUy mechanical and have little or no effect on the 
electrical design of the ignition system. 

Sparkplug Design and Application.—With the high-tension .system ot 
ignition the spark is produced hy a current r»f high voltage juiuping be¬ 
tween iw'o points hirming a gajj which breaks (he complete circuit, which 
would exist otherwise in the secondary coil and its external connection.^. 
The sparkplug i.s a simple device which consists of two terminal electrodes 
carried in a suitable shell member, which is screwed into the cylin<ler. 
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Typical bparkpliigs are shiiwn in section at Figs. 196 to 199 inclusive and 
the construction can he easily understiXKl. The secontlary wire from the 
coil is attached to a terminal at the t(»p of a central electrode member, which 
IS supported in a bushing uf some form of insulating material. The AC 
type shown at F>8 cmpluy.s a moulded ))orce1aiii as an insulator, while 
the Olco depicte<l at Fig. 199 nsc.s a hushing of mica. The insulating bush* 
ing and electrode are housed in a steel or l^rass h<»dy, which is provided 
with a screw threarj at the botumi. by which tneans it is screwed into the 
comhusllon-chamhcr. 
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Fig. 197.~Practical Sparkplugs Specially Designed for Aviation Engines. 

When ])orcclnMi is used ns nn iusulaling nmlerinl it is kept from direct 
Contact with the niclal pr»rlion by some form of yielding lacking, usually 
asbestos, Thi.s i.s iicce.ssnrv liccan.se the steel and ]>orcclnin have different 
coefficienls of cxpan.sion and some flexibility inii.st be provided at the joints 
Uj permit the materials to expand differently w hen heated. The metal body 
rd the plug which i.s scrcwc<l into the cylin<ler is in metallic contact with it 
an<l carries one or more sparking |«uiils which birin one of the terminals 
of the air gap over which the spark occurs. The current entering at the top 
of the plug cannot reach the griniml, wliich is represented hy the metal 
portion of the engine, until it has lraversc<! the full length uf the central 
elecirtKle ami overcome the resistance of the gap between it and the ter¬ 
minal point on the .shell. The jKircclain bushing is firmly seated against 
the asbestos packing by means of a spun over piece at the U>j» of the plug 
hody which sets against a flange formed on the jmrcelain. 

The mica plug of Olco design shown at Kig IW is somewhat simpler 
in construction than that shown at Kig. 197 and dc.'^ignatcd as the B, G. 
Type IX. The mica core which keeps the central elcctru<le separated from 
the steel liody is composed of several layers of pure shed mica wound 
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around the steel rod longitudinally, and hundreds of stamped mica washers 
which are forced over this member and compacted under high pressure with 
some form of a binding material between them. Porcelain insulators are 
usually iiKiiilded from higlwgrudc clay and are approximately of the shapes 
desired by the designers of the plug. The central electrode may be held 
in place by mechanical means such as nuts, packings, and a shoulder on the 
rod, as shown at l^g. 196, which outlines the construction of the Lodge 
KR3 sparkplug. Another method sometimes used is to cement the elec* 
trode in place by means of sonic form of fire-clay cement. Whatever 
method of fastening is ii.se<l. it is imperative that the joints he absolutely 
tight so that nn gas can escape at the time of explo.sion. Porcelain is the 
material most widely used if mica is not emidoycd because it can be glazed 
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Fig. 198.—The AC Sparkplug at Left U$ea Porcelain Insulation, while the Moaler 

Shown at Right has Mica Insulation. 

so that it will not absorb oil. and it is subjected to .such high temperature 
in baking that it is not liable to crack when heated. The sparkplugs may 
be screwed into any convenient jiart of the combustion-chamber, the general 
practice being to in.Mall them in the bead over or adjacent to the inlet 
valves, or in the side of the combustion-chamber, so the |>oints will be 
directly in the path of the entering fresh gases from the carburetor. Of 
course, when dtuible ignition is iise<l, one set of plugs must he placed near 
the exhaust valves. 

Other insulating materials .sometimes used are glas.s. steatite (which is a 
form of soapstone) and lava. Mica and porcelain are the two common 
materials used because they give the best results. Gla.s8 is liable to crack, 
while lava or the snajistonc in.snlnting bushings absorb oil. The spark gap 
of the average plug is about of an inch for coil ignition and from .015 
inch to .030 inch (fifteen tu thirty inic-thousaiidlhs of an inch) when used 



SPARKPLUG DESIGN 


451 


in rnagTieto circuits. A simple gau^e for dctcrminiriK the ^p setting is the 
thickness of an ordinary visiting card for magneto plugs, or a space equal 
to the thickness of a worn dime for a coil plug. This is hut a rough ap¬ 
proximation and the best practice is to use proper thicktics.s gauges and set 
gaps as recfMnmciKlcd by engine manufacturers. The insiilaling bushings 
arc made in a number of different ways, and while details of construction 
vary, sparkplugs do not differ essciUially in basic desipi. The dimen.sions 
of the stan<lardizcd plug rcctnmnen<lc<l by the S. A. 1*1. arc shown at Fig. 
200 . 
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Pig. 199.~The Oleo Plug at Left Uses Mica Insulation. The Molla Plug at the 
Right it a Double Iiuulator Type with Passages for Air Circulation. 


It is often desirable to have a water-tight joint bclwceu the high-tension 
cable and the terminal screw on top of the insulating bushing of the spark¬ 
plug, e.specially in applications where plugs are exjjo.sed to (he weather, as 
on radial cylinder air-coole<l engines. Plugs have been made that are pro¬ 
vided witli an insnbiting iuciuIkt or hiKx! id |Kirrdain, which is secured 
by a clip in .such a manner that it makes a water-tight connection. Should 
the porcelain of a conventional form of plug becinnc covered with water 
or dirty oil, the high-tension current is apt to run down this conducting 
material on the porcelain and reach the ground without having to complete 
its circuit by jumping the air gap and prixlncing a s|tark. It will be evident 
that wherever a jihig is expose<l to the elements, which is oflcti the case in 
airplane service, that it should be protected by an insulating hood which 
will keep the insulator dry and prevent short circuiting of the spark. The 
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Fig. 200.—DimeAsioiu of Standard S-A.E. Sparkplug for Aviation Engine Ignition- The Safety Lock Sparkplug Tenninal Shown at the 

Left Will Not Come Of! Until Eeleaacd Manually. Ho Tooli are Required for ita Operation. 
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same end can sometimes be attained by slippinj' an ordinary rul>l>er nijiple 
nver the porcelain insulator of any conventional t>ln^' and brinj^ini^ np one 
end over the cable, tapinp it in place. 

Attention is directed to the U. G. Model lA at 107 an<l ibe Molla 
at Figf. W. In the former, there are holes in the shell that permit cooliitj; 
air to circulate Ihron^h the i>Uijf body and around the insulator, The 
Mnlla pln^ provides for a more positive coolin^f of the insulator by having 
both inlet holes in the shell aiul onllet boles in the t(»p porcelain member. 

Two-Spark Ignition.— On most aviation engines, especially th<»sc having 
large cylinders, it is sometimes difTicnlt itt secure complete nmilinstion by 
using a single sparkplug. If the ctmibustion is not rapirl the ofTicicncy of 
the engine will be reduccft proporiiountcly. The compressed charge in the 
cylinder does not ignite all at once <»r iiislantaiieously, as many assume, 
but It is the strata i»f gas nearest the ping whirh is ignited first, 'fins in 
turn sols (ire to tani seen live layers <»f the charge until the entire mass is 
adamc. One may emnpare the coinlnisiioti of gas in llic gas-cnginc cylinder 
to the iiheiiinucnon uhich obianis wlien a heavy object is thrown into a 
]) 0(>1 of still water, b'lrst a small circle is seen at the point w here the object 
lias i)assefl into the water, this circle in Inrn in«lucing other and larger 
circles untd the whole surface (»f the in»ol ha.s been agitated fn>m the one 
central point, The method of igniting the gas is very similar, «is the sjiark 
Ignites the circle of gas nnmedialely adiacent to tlic sparking )>omt. and 
this circle in turn ignites a Inile l.irger one concentric with it. 'fbe second 
circle of llaine sets fire to more of the gas. and Anally ibc entire contents 
of the combustion-chamber arc burning. 

VN'hile ordinarily combustion >s .snlTicicntly rapid >vitb a .single plug so 
that the )>roper espb^sinn is obtained at imKlcrutc engine .sj*eciis. if the 
engine is woikmg fa.si and the c>lin<lers are of large capacity more power 
may be oblanicd by setting fire to the mi\ttire at two difTcrenl jaunts in- 
.stead of but one. This may be accomplishe<i by using two sparking^-jiliigs 
in the cylinder instead of one. and c.vpenmeiits have shown that it is pos¬ 
sible to gain from J5 to .kl ]>cr cent m tiioti»r jiower at high .sj>eed with 
two spai'kj»lngs. because the eombnslion lU gas is arcelerateil Iw igniting 
the gas siiiinitaneonsly in two places, 'fhe ilonble-jilug s\siem lui riirjdane 
engines is also a safegniard, as ni event of failure r»f one idiig in the e) lindcr 
the lUher would contnnic tt> lire the gas. and the engine will continue to 
fiinclioii regularly though not nt full |»o\vcr delivery, 

In using magneto ignition some j>recaution.s are necessary relating to 
wiring and also the character of the sjiarkplugs employed. The conductor 
shoulfl be of good i|iiafity. have ample insula lion, and be well protec le< I 
by metal housings from accumulations of oil, wdiich would tend U* decom¬ 
pose rubber insulation. It is customary to protect the wiring by running 
it through the conduit.s of Aber or metal tubing lined wdth insulating ma¬ 
terial. Multiple strand cable.^ should be used for both primary and secon¬ 
dary wiring, and the insulation should be of rubber at least Tie thick. 

The sparkplugs formerly used for battery and coil ignition in automo¬ 
biles cannot always be employed in an airplane engine when a magneto is 
fitted. The current inoiluced by the mechanical generator has a greater 
amperage and more heat value than that obtained from transformer coils 
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excited by battery current. Tlie greater heat may hum or fuse slender 
points used on some battery and heavier electrodes are needed to 

resist the heating ctTecl the more intense arc. While the current has 
greater amperage it is not of as high |K>tcntial or voltage as that commonly 
produced by the secondary winding of an iiiductinn coil, and It cannot ovcr» 
come as much of a gap. Maniifaclurcrs uf inagiiclo plugs usually set the 
spark points from .015 inch to .025 inch ajmrt. An efficient magneto plug 
has a plurality of jwdnts ?*o that when the distance between one set becomes 
loo great the sjuirk will take place between one of the other pairs of elec* 
Irodes which arc not separated by so great au air sj^acc. This effect is some¬ 
times obtained by u^ing a disc surrounding tbo ecutra) electrode, the spark 
jumping anywhere in tbe annular gaji thus f<»rmcd. 



Pig. 201.—Special Mica Plugs Designed for Aviation Engines Have Air-Cooling 

Flanges on Body. 

Airplane work calls for special construction of sparkplugs, owing to the 
high compression used in the engines and the fact that they are operated 
on open throttle practically all the time, thus ennsing a great deal of heat 
to be developed. The plug shown at Fig. 201 has been devised especially 
for airplane engines and automobile racing powcrplants. The core C is 
built up of mica washers, and has si|uare shoulders. As mica washers of 
different sizes may be used, and accurate machining, such as is necessary 
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with conical clamping: surfaces, is not required, the pliifj can be produced 
economically. The square shoulders of the cf>re affiml two gasket seats, 
and when the core is clamped in the shell )>y means of check nut K, it is 
accurately centered and a light joint is formed. This c<nistruction also 
makes a shorter plug than where conical fits are used, thus improving the 
heat radiation through the stem. The lower end of the shell is provided 
with a baffle plate O, which tciuls to keep the oil a>vay from the mica. 
There are perforations L in this baffle plate to prevent burnt gases being 
pocketed behind the baffle plate and preigniting the new charge. This 
construction also brings the llring point tuit into the firing chaniher of the 
engine, and has all the other advantages of a closed*end plug. The stem 
P is made of brass or copi>er. *>n acamnt of ilieir suiierior heal cfinductivity, 
and the electrode J is s\ve<lged into the bottom of the stem, «as shown at K, 
in a secure manner. The shell is finned, as hhown at G, to provide greater 
heat radiating surface. There is also a fin 1* at the tJ»p of the stem, to in¬ 
crease the radiation <if heat from the stem and cleclnnlc. The lop of thi.s 
finned i^ortion is slightly coinitersunk, and the stem is riveted into same, 
thereby rc<)ucing the po.ssihility of leakage past the threads on the stem. 
This finned tH>rtion is necked at A to take a slip terminal, 

In iMiildlng up the core a .small section of washers. 1. is built up before 
the mica insulating tube 1> is placed tm. This construction gives a better 
siijjport to section I. Haffle plate C) is bored out to allow the electrode J 
to pass through, and the clearance between buffle fdate and electrode is 
made larger than the width of the gap between the firing iwmits. so that 
there is no <lnngcr of the spark jumping from the electrode to the baffle 
]>late. 

This plug' will be furnished either with or without the finned portion, 
to meet individual requirements. The manufacturers lay special stress 
upon the simplicity of construction and upon the method of c1ain])iug. which 
i.s claimed to make the plug absolutely gas-tight. 

All of the plugs illustrated have given good service. The AC aviation 
engine porcelain insulation plug has been widely useil. The Oleo jdug gives 
very good results in air-ciM>led cylinders, and the IKi ^'ype JX, Mosier 
Model MI and L<idge KR3 have also given goiKl service in IkiIIi air-cooled 
and water-cooled engine installations. 

Electric Generators for Airplanes.—Exacting requirements for the gen¬ 
eration of electric current for nuilorcoaches, airplanes and dirigibles, and 
how these needs arc met by the manufacturers of generators, arc described 
by 13. M. Lecce, M.S.A.E., in a paj>er read before the Chicago Section of the 
Society and reported in the June, 1928, issue of the S. A. E. Jounwl. Con¬ 
currently w'ith the development of automotive vehicles, the installation of 
electrical equipment has grown and greater and greater demands have been 
made upon generators. Requirements change raindly with development in 
the powerplant and in the general design of vehicles, so that manufacturers 
of electric generators are constantly faced with new conditions. A high 
degree of reliability in constant operation is also required of the generator 
on the latest airplanes and air.ship.s, for ignition, engine starting, radio com* 
munication, and lighting. FJcctric generators are expected today to operate 
under widely varying specifications as to capacity, voltage, speed, load, and 
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tcnipfralure. Un<lcr present commercial conditions, the generator capacity 
TS often forced to the limit of material characteristics, and operation is con¬ 
tinuous: therefore, the rating of such generators is a matter of concern to 
both the manufacturer and the user. Whereas the third-brush, or current- 
controlled generator ga\e fairly satisfactory service on private automobiles, 
charging the hatlerv at an approximately constant rate in amperes, it was 
found undesiraldc u hen the e([uipnienl is to be u.scd continuously, because 
the excess energy heats the electrolyte and plates after the battery is fully 
charge<l. In coimucrcial apjilicatinns it is desiralile to have the generator 
start charging the battery at a low driving spc<*d and to be able to continue 
under full load uii U» the nia\iniiiTu sfieecl of the vehicle. Hence the voltage* 
regulatv<l type was develo|>e<l, which supplies energy at an apiiroxiniately 
uniform vcdiage and at a charge rate that ta|H*rs nutmuatically in am¬ 
perage. 1‘he characteristics of this type are <llscussed and ci»mpared with 
lh(»se that are inherent iu the thir<i-hrush typo. 

The airplane is being clevelo|>ed rapidly and retjuires a high degree of 
reliability in constant oj^eratlon Radio signalling <»n railroad trains pre¬ 
sents another jiroldem. Large <iirigihles, snch as are being built. re<(ulrc 
enormous amounts of eleclricnl energy to be generated from a multiplicity 
<»f ])oweri>laiits and iransniittcd for flistaiices of several hundred feel. Re¬ 
cently. one company has hern working on the design of generating equip¬ 
ment ft>r a dirigible apiiroMinaicly 7<10 feet long. 'I'he design calls for 
eight generators, running in parallel, to meet the vtdluge rcijuiremenls of 
the storage battery. On aircraft equippecl for night flying, powerful land* 
ing-lights arc necessary. These draw a >erv large anumnt of currcnl and 
are one of the great factors intluencing the sixe <A the generator and battery 
which must he used. Two of tbe>e lanips are used on each airjilaiie. each 
drawing npiiroxitnalely 45 amperes when in o|>eralU»n. On IH-lype air¬ 
planes the hiiiips are l<»catcd on the uj>|>cr wings on some installation.s and 
(III the low'cr wings on others. In the new Curtiss 0>nd<ir airplane, the two 
lamling-Iights are centrally mounted. Two generaliirs tiperating iu parallel 
are used, <me on each of the two engines. This i.s one of the few installa¬ 
tions of its kind iu existence 

Third-Brush Regulation Not Well Adapted to Airplane Work.—The 
third-brush or curreiit-coiitndfed generator has been used on passenger cars 
for a munher of years. There base been and still arc some limitalioii.s Ui 
its piThirtnance but, in general, it has been found to be a fairly satisfactory 
generator for antonioblle service, all things considered. When adjusted for 
rated out]uit at re<piired speed, the tliinl-brush generator will charge a bat¬ 
tery at au api*roxiiijately constant rale in anijvcres no matter what may be 
the slate of charge of the battery. In fact, the third-brush machines give 
slightly higher outputs when the battery i.s up. This constant rate of 
charge has been rather undesirable wlien the C(|uipmcnt is to be used con¬ 
tinuously. for a prolonged high charging rale will charge the battery fully 
and the excess energ>' which the gciicr«it*ir furnishes can be absorbed only 
in heating the electrolyte and plates of the battery, causing the water to 
be driven off. There is danger that the batteries may become dry w'hen a 
third-brush generator is used continuously for extended periods unless the 
third brush is adjusted normally for a low rate. U this is done, the chances 
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ar« that the battery will uot he Rufficicntly chargc<l. Shcmld a battery tcr- 
Tninal become loosened and the generator 1>e operated without the battery 
connected, its tenninal voltage is uncontrolled and is pn>])ortioiial to speed, 
and this often results in a rise in voltage which burns out the lamps con¬ 
nected or blows the fuse usually providc<l in the field circuit. With the 
field circuit open, the generalor is jjrotectcd against the burning out of the 
armature winding hut it is al<o inoperative If battery terminals become 
badly corroded, thereby introducing addc<l resistance into the exlcrnal cir* 
cuit i»f a third-brush inachine. the generator automatically delivers more 
energy to overcome the increased rc'*istancc. This juay result in current 
high enough to endanger the windings <>( the machine (»r blow out the lamps 
or line fuses. 

Strictly speaking, however, the voltage-regulated generator, as con- 
'•trucled at j>rcscnt by several contpauics. is a imwllfied forrji of Ihc omstant- 
)i<itential gencratf^r Tint the rcMtU is that the vidtage-rcgiilatecl generator 
prtKluces a charging rate in amperes which is nutotnalically tapering. If 
the battery is in a discharged emuhtion, the charging rale will be coin pa ra¬ 
ti vely high If the battery is fully charged. I be charging rale wdll he low. 
As a tlischarged battery is chargcil. its voltage slowly n>es. The difference 
Ivctwcen balUTv vt»ltage ami charging voltage decreases, which res tilts in a 
<lecreasing <»r tapering charging rale in am(>rres. Spcerl ami loa<l charac- 
lerislics of the vt)ltagc-regulate'l t>|»e of generator arc more suitable for 
eoninicrcial application. (icnerators can be built which will carry full loail 
at normal speeds am) contitnic to furnish abiiost iheir full rated energy up 
to the limit of si>ecd of the engine. In comfiarmg the operation of (he Ibird- 
brttsh tv pc of generator with that of the vol Inge-regu hit ed generator, it 
must be rcmeinbere<l that the first charges a battery at a fairly uniform rate 
and that the secomi charges in propc»rlN»n l<» the state of charge of the 
battery. 

It should be noted that there is a eonsidcrabh* difference between the 
two charging ratc.s a.s the charge procee*ls, that is, the Ibinbbru.sh type of 
generator furnishes In the baller\ energy which is at limes in excess of its 
needs. It may charge more raindly. but this is not an unalloyed virtue 
because the electrolyte should n«U be «*verhcate<!. If the volinge-regulalcd 
generalor chnrge.s a liattcry v\ith less intuit of energv-. an ap])rcciablc .saving 
is ejected which can be Iraiislated iut<» horse)lowcr and money. 

Voltage-Hegulated Generators.—\*oltage-regu!nleil generators arc di¬ 
vided roughly into the following three main classes: (.vl those of low or 
niedium capacity in which an extremely l<»w balancing s]>eed is not rc- 
(juired, (h) those of higher cajiacity in which a low* balancing speed is de¬ 
sirable, ancl ir) high-caijarity generators for high-sjiced service. 

In cla.sse.s (u) and (r) it is customary to retain the third brush as a 
means of limiting the current output of the generator. A voltage-control 
unit is ai)plicd, which caii'^os the generator \o function as a voUage-regu- 
lated machine with the inherent overload protc*ction priividcd by the third 
brush. 

Class flO generators arc straight shunt-wound machines having no third 
brush. These can be built to l>alancc the battery at lower speetls; but they 
require some means of overload protection, as they will furnish more cur- 
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rent than the armature windmjj can be made to conduct without overheat- 
ing. It is usual to protect these generators hy some external means. In 
stnne instances a fuse has been used; In others, an automatic overload 
circuit-breaker is employed which trips open the load circuit on overloads 
and has to be reset by hand. A third alternative, and the one most gener¬ 
ally used, is to incor|K»ratc a current*!iniiting clement in the control unit 
to limit automatically the current which the generator can deliver and 
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Fig. 202.—Wiring Diagram Showing Method of Connecting Voltage Control Unit at 

Generating Circuit 

which does not have to ht reset by hand. 5>uch curreni-liniiting devices 
have been used on each of the three classes of generator. 

Voltage regulation has been found to be essential to the satisfactory 
operation of generators for aircraft application. In this service the engine 
runs at a fairly constant high 5i>eed and, especially in cross-country flying, 
for long peritxls. In addition, it i.s highly desirable to have a source of ap¬ 
proximately constaul-pntenlial electrical energy bjr.lhc operation of radio 
and other devices. Technicians of the Army Air Sendee were among the 
first to appreciate the ad vantage.s of voltage regulation as applied to their 
problems, and since the war a continuous and uninterrupted program of 
development has been carried on which has resulted in a line of generators 
and control units for aircraft. When slightly modified, these serve admir- 
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ably on commercial airplanes. Tbe Air Corps rctjiiircmcnts. which include 
radio operation, arc much more rigid than those necessary for commercial 
aviation. 
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Aircraft material has lieen eiuphasi^ted in this discussion for several 
reasons. First, it i.s interesting to everyone today. In electrical application, 
air transport is leading other i>raiiches of automotive engineering. Aircraft 
e([uipment is a gootl provinR laboratory, for the tests arc rigorous and the 
requirements e.Kacting. Aviation apjdications are proving the correctness 
of the principle of voltage regulation. H electrical toads are to increase 
further and the engine builders continue to restrict the space available for 
the generator, the parallel operation of generators may assume more im-» 
portance in the future. Numerous instances have arisen in which a motor- 
coach, for example, required energy in excess of that which the generator 
could furnish, because a large CTUmgh generator cmild not be mounted in 
the space available. 

On a large dirigible that is being designed in this country it is proposed 
to carry eight poweqdants in separate compart me nl.'i. As the ^airship is 
more than 7f)0 feet long, the problem of trausmtlllng electrical energy with¬ 
out serious loss must be Ci>nsidereil. It is t>rojH»sod that eight 110-volt 
generators he operated in parallel on this installntiim to supply one battery, 
all cells of which will be centrally located. Generators used in aircraft 
applicatums may be driven by direct mechanical couuectum with the engines 
or may be operated by air-driven jiroj>ellers. Tn some large airliners, a 
generator set consisting of a small air-c<Kiled engine and dynam(» may be 
u.sed to make the radio inde])en4leiit <»f the main power plants or of the 
motion of the machine through the air so it can be used in event of a forced 
landing. 

Voltage regulators manufactured tmlay are reliable to a high degree 
and function automatically. Tn general, it is a g<H>d rule to make sure that 
they are properly adjitste<i to meet requirements and then to let them alone. 
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Fig. 203.—Wiring DUgram Showing Delco System of Twetve-Cylinder Lorrtine 

Aviation Engine. 

In a voltapc-rcffiilated system, if the battery is fully charged the charging 
rate in amperes will be low. Many have as.'^timed that n low ammeter read¬ 
ing meant that the generator was not priMhicing enough current and have 
raised the voltage and the charging rate, which naturally resulted in an 
excessively high rale with all of its attendant troubles. Instances have oc- 
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curred in which the voltage has been raised, through ignorance, to more 
than twenty volts on a twelve-volt system, despite every elTort that could 
be made to educate the user to the characteristics of voltage-regulated gen¬ 
erating equipment. The way the voltage regulator is wired into the circuit 
of an electric starting and lighting system is outlined at Fig. 202. The use 
of a voltage regulator in the Delco ignition sy.stcm of the Lorraine cngine.s 
is outlined in the very complete wiring diagram presented at Fig, 203. 

Experience has also shciwn that it is better to adjust the charging so 
that the battery i.s cycled frequently. This procedure has the sanction of 
the battery manufacturers, an longer hatter)' life results. It is better to 
allow' a haltery to di.^charge Siunewhat and then to recharge, than it is to 
keep it in a fully charged comlitinn at all times. It has also been found 
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that in many cases it is desirable to charge the battery at higher rates in 
the cold months than in the warmer ones. This can be done easily by ad¬ 
justing the voltage to a higher value for winter service than for summer. 
The automatic tapering charge stilt results, hut the final rate will be slightly 
higher. The voltage should not be set so low that there is danger of the 
voltage of the battery, when fully charged, exceeding the generator voltage 
in normal opcralitm. 

Lamp nianiifacUircrs are keenly interested in the application of voltage 
regulation to automotive rc(|uiremcnts, because it assures them of less fluc¬ 
tuation in voltage than formerly and also is good assurance against exces¬ 
sive voltages which endanger lamps. Ily adjusting the rated voltage of the 
lamps to the retjuired service-condition, it is being foun<l that lamp life can 
be greatly prolonged. Battery manufacturers favor voltage regulation be¬ 
cause it removes, in a large measure, the chance of constant over-charging 
of batteries. Energy is furnished to the battery in proj>ortion to its needs, 
and not at a constant rale which is excessive for a large part of the lime. 

Aircraft Storage Batteries.—These specifications arc intended to apply 
only to lead-acid storage batteries for aircraft as shown at b ig. 204. Bat¬ 
teries for combined starling and lighting service shall indicate the lighting 
ability ami shall be the cujincity in am|>crc-hiinrs of the battery when it is 
discharged continuously at the five-hour rale to a final voltage of not less 
than 1.75 per cell, the tcmtjcrature of the battery at the beginning of such 
discharge being 80 degrees Fahrenheit. The second rating shall indicate 
the starting ability and shall he the minimum current in amperes that the 
battery will deliver when discharged continuously at the twenty-minute 
rating to a final voltage of not less than 1.5 per cell, the temperature of the 
battery at the beginning of such discharge being 80 degrees Fahrenheit. 

Means shall be provided to prevent the escape of electndyle when the 
battery is turned in an inverted posilnm, or in any position between normal 
and the inverted jHisition, ami allowed to remain in any position for an in¬ 
definite period, During this test the electrolyte shall be adjusted to normal 
level. 

Aircraft .storage batteries shall be equipped wdth wing-nut terminals 
secured to the lop of the battery box in such a manner that vibrations from 
the external leads will he ahsorlanl by the battery U^x and not transmitted 
to the terminal post. Roth terminals shall be located on the .same side of 
the battery, with the positive to the right when looking at the lenninal side 
of the battery. 

QUESTIONS FOR REVIEW 

1. How docs the SpHtdorf SS iiiaxi’eto work*' 

Z. What are the advantages of a il<niMc niatoieto? 

3. Describe Dcico Batiery igTiilioji system. 

4. Why is radio shieUling necessary and how is it done? 

5. Name main features of aircraft engine sparkplugs. 

6. What type of gcncTiitor is bc.st for airplane ignition current supply? 



CHAPTER XVI 


AIRCRAFT ENGINE LUBRICANTS AND EARLY OILING 

SYSTEMS 

Why Lubrication ia Necessary—Friction Defined—Theory of Lubrication—Require* 
mtnts of 0 Us—Oil Pilin Friction—Oil Grooving Bearings—Derivation of Lubri¬ 
cants—Organic Oils—Mineral Lubricants—Properties of Cylinder Oils—Mixed 
OU^Flaih Test of OU—Viscosity Measurement—All Oils Contain Carbon- 
Castor Oil Specification^Factors Inftucneing Lubrication System Selection- 
Pursuit Airplane Engine Lubrication—Gnome Type Engines Use Castor OU— 
Hall-Scott Lubrication System—Functions of Bypass Valv^^Draining Oil from 
Crankcase—Oil Supply by Constant Level Splash System—Dry Sump System 
Best for Airplane Engines—Oiling Curtiss OX Engines—OU Pumping and Cv* 
bon Deposits—Sludge—Rust Corrosion. 

The importance of minimiziiiij friclum ai the various bearin^r surfaces 
of machines to secure mechanical efficiency is fully recoi^iizcd by all 
mechanics, and proper lubricily of all pans of the nicchanisni is a very 
essential factor upon which the durability and successful operation of the 
motor car jxjwerplant depends. All of the movinir ineinbcrs of the engine 
which are in contact with other fKirtions. whether the motion is continuous 
or intermittent, of high or low velocity, or of rectilinear or continued rotary 
nature, should be provided with an adequate supply <»f oil. No other assent' 
htage of mechanism is o])cratcd tinder conditions which are so much to its 
disadvantage as the airplane motor and the tendency is toward a develop¬ 
ment of oiling methods that not only insure that the sup])ly will be ample 
but will also be automatically applied to the points needing it. 

Why Lubrication is Necessary.—In all machinery in motion the mem¬ 
bers which arc in contact have a tendency to stick to each other, and the 
very minute projeclUnis which exist on even the smoothest of surfaces 
would have a tendency to cling or adhere to each other if the surfaces were 
not kept apart by some elastic and unctuous substance. This will flow or 
spread out over the surfaces and siiiooih out the inequalities existing which 
tend to produce heat and retar<l motion of the pieces relative to each other. 

A general impression which obtains is that well machined surfaces arc 
smooth, but while they arc apparently free from roughness, and no pro¬ 
jections are visible to the naked eye, any smooth bearing surface, even if 
very carefully ground, will have a rough ai)i)carancc if examined with a 
magnifying glass. An exaggerated condition to illustrate this point is 
shown at Fig. 205. The amount of friction will vary in pro])orlion to the 
pressure on Ihe surfaces in cimtact and tlieir area and will augn^ent as the 
loads increase: the rougher surfaces will have nu^rc friction than smoother 
ones and soft bodies will produce more friction than hard substances. 
Naturally, dry metal will have more friction than lubricated metal. 

Friction Defined.—Friction is always present in any mechanism as a re¬ 
sisting force that tends to retaril motion and bring all moving parts to a 
state of rest. The absorption of power by frictiim may be gauged by the 
amount of heal which exists at the bearing \) 0 \nU. Friction (d solids may 

* at 
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be divided into two classes: friction, such as exists between the 

piston and cylinder, or the bearings of a jjas-cngtnc. and rolling friction, 
which is that present when the load is supported by ball or roller bearings, 
or that which exists between the tires of the driving wheels and the road 
Engineers endeavor to keep friction losses as low as possible, and much 
care is taken in all modern airplane engines to provide adequate methods 
of lubrication, <ir anli-fnctinn bearings at all pednts where considerable 
friction exists. When a shaft runs in bearings it may do so under one of 
three conditions. It may be <lry, in which case metallic contact occurs. In 
that case at high sj^ecds the heat flow due to friction will be excessive, and 
abrasion will take place. Then there is what is termed boundary friction 
ss ben the surfaces are coaled with a iiutc smear of oil of little r?iorc than 
molectiUr thickness. 'I'herc is little doubt but that in certain parts of an 
enginC'-lhe piston ring.s fur exainplc^a c<mdiliou of boundary lubrication 
does exist. 



Fig. 205.«Showing Use of Magnifying Glass to Demonstrate that Apparently Smooth 
Metal Surfacee in Contact Have Minute Irregularities which Produce Friction. 


Finally there is ihc normal f«»ndition of flooded lubrication, when the 
two surfaces are definitely separated by a free oil film. Between boundary 
and flooded lubrication there is no hard and fast driving line. Flooded 
conditions may be changed to t>oundary lubrication as in the case of a 
journal-bearing where the shaft tends to take up snob a pr^sition a.s i*> wedge 
the oil film in under the loaded side. This applies almost completely when 
a free floating bush is introtluced between the shaft and bearing, since there 
is then nothing to restrain the bush from taking up such a position at all 
times and under all conditions. 
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A well lubricated bearinjj will fail when the heat generated by friction 
exceeds the rate of heat dissipation until the temperature rises enough to 
melt the hearing metal or vajxinze the lubricant. The heat generated is 
the product of the friction and rubbing speed and nearly proportional to 
ihe product of load and rubbing si>ced. In practice an average connecting' 
rod big-end bearing can be relied upon to get rid of this heat at a rate to 
avoid dangerous temperatures. The main hearings of a crankshaft have 
ample facilities for getting rid of lieat by conduction so that they never fail 
so long as they arc lubricated 

Theory of Lubrication.—The reason a lubricant is supplied to hearing 
jioints will be easily underst<k>d if cme considers that these elastic sub¬ 
stances lUnv between the el^»^e filling surfaces, and by filling up the minute 
depressions in the surfaces and covering the high sjKit.s oil films act as 
rushiims which absorb the heat geiieniler] and conduct il to the metal back¬ 
ing fif the bearing and oil takes the wear instead of the metallic hearing 
surface. The cl<»scr ilie purls fit t<»gethcr the m(»rc fliiiil the lubricant must 
lie 'to ])nss between ibeir surfaces, and al the same time it must |hisscsk 
sufficient ))ody so ihal il uill not be entirely forced out by the pressure 
existing between the jiarts. 

Oils should have gcK»l adhesive, as well ns cohesive, (jualities. The 
former are necessary s<» that the oil film will cling well to the surfaces of 
the bearings: the latter, mi the oil particles will cling Uigether and resist 
the tendency t<i separatiiin which exists nil (he time the bearings arc in 
(operation. When used fur gas-engine fnhncation the oil should lie capable 
of withstanding considerable heat in onler that it will not be va]iovi;?ccl by 
the hot t>ortuins <»f the cylinder. It should hu\e sufficient cold test so that 
it will remain iliiid anti flov^ readily at low tcmiwrature. Luhricanls should 
)>c free from acid, or alkalies, winch len<l to priMlncc a chemical action with 
metals and result in corrosion of the t»:irls to which they are applied. It 
is imjierative that the od be exactly the projicr ipialily and nature for the 
purpose intended and that il be applied in a posiUve manner. 

Requirements of Oils.—The rec|uiremcnts may be briefly summarized 
us follows: 

First—It must have sufficient body to jirevont seizing of the parts to 
which it is applied and between which it i.s de]iei]dc<l iit>on to maintain an 
elastic film, and yet it must not have Uh> much viscosity, in order to mini¬ 
mize the internal fluid fricthni winch exists helwcen (lie jiarhcles of the 
luliricant itself and which might prevent free flow. 

Second—The lubricant imisl not coagulate or gum: niiist not injure the 
parts to which it is applied, cither by chemical actum or by producing in¬ 
jurious deposits, and il should not evaimrate readily. 

Third—The character of the work will demand that the oil should not 
vu{>orize when heated or thicken to such a point that it will not flow readily 
w'hen cold. 

I'ourth—The oil must be free from acid, alkalies, animal or vegetable 
fillers, or other injuriou-s agencies. 

Fifth^It must be carefully stdected (or the work required and should 
be a good conductor of heat. 
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Oil Film Friction.—Albert Kingsbury’s experiments on the lubrication 
of joiirnabbeartiigs. with special reference to the prevention of wear 
through the separation uf the surfaces by proper constrnction and oiling 
are considered a classic by mechanical engineers and the writer cannot do 
better than mention smiie nf the rcsnlls obtained by this indefatigable in> 
Vestimator. During his experiments at C<»rneU University as early as 1888. 
Mr. Kingsbury, fiy ski! I fully fitting with ef[tia] care various bronze hearings 
to the journal of the testing*machine. was able to measure the friction of 
the oil alone; and it was hmiul to lie the same w*ith all bearings. By meas 
uring the air-film tbicknes.ses. the pressures and the friction uH round an 
air«lnbricate<] j^mmal-bearing. he then confirmed the correctness of Rey- 
Holds* mathematical ex]danation of Inbrication. To him belongs the credit 
td obtaining the lowest reliable experimentally determined coefTicicnl of 
friction, for an oil*liibricatc<l journal, namely. 0.000.^3. Other researches 
shosved the oil visco.sity to be a direct factitr in the fricti<in of journal* 
bearing.s. beitig inversely propc»r(ional to the film thickness di»wn to the 
least thickness that Ciuild be measured, which wa.s about 0(XXX)2.S iuch. 

Hearings are classified and ati equation is given for the factors that in- 
finence the fricthm of an oil-film, which is of culcnlablc uiiiount. Neglecting 
gravity, no pre.ssnre is said t<i be pre.sent in tlte oil-film so long as the jonr* 
nal anti the bearing are concentric, bni the greater the ccceulricity, the 
greater will be the pressure. Tbeorelically. it is iinpo.'^sible to make the 
journal touch the hearing while the journal nUutes and an oil-film fills the 
clearance simce, Hut just as the pressures in the oil-film increase with the 
eccentricity, so also increases the frictional resistance to rotation of the 
journal. 

'riic reader slnnild consider the following elassific«'ition of journal-bear- 
ings. all of which are use<l in aviation engines: 

fl) Rotation 

(it) ('ontinuoiis 

(1) in one direction 

(2) in either flirection 
(fO Oscillating 

(1) wi<le angle 

(2) small angle 

(2) Speed 

(,;) H.Kh 
{h) Medium 
(r) I.OW 

(.1) Pressure 

(ti) Unidirectional 
(b) Reversible 

(4) lubrication 

(u) Copious and continuous 
(b) Scanty and in term illent 

(5) Design 

(tf) Ltmg or short 
{b) Full or txtrtiul 
fr) Clearance or fitted 
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(d) Plain or grooved 

Let us first consider a short bearing, one journal tliameler long, bored 
with a running clearance, In which the journal runs at moderate speed 
ill one direction only to show how oil fihn fricthm may Ik.* incnsiircd. There 
is no groove in the bearing except the oil-distributing channel at the top. 
The oil flows down from this as fast as it leaks away at the bottom. 

If the shaft is vertical and so balanced that there is no force to move it 
sidewise, it will run exactly in the center of the bearing. Neglecting grav¬ 
ity, there will be no pressure within this oil-film so long as the journal and 
ihe bearing are concentric. There will be friction of a calculable amount. 
Iiowcvcr. Its moment, resisting rotation, will be 

M :sr (I .(>5 11 d" I N) / / d) in-lb. (1) 

In this cr(uatiou. we find the fact<»rs that iuHucnce the friction 
p. = coefficient of viscosity of tl>f oil. in pounds, inches, seconds 
'riic more viscous the oil. the greater will he the fnctiou, 
tj = the radial clearance, in inches 

The greater the clearnuce, the less will be the friction. 

N ss revolutions per minute 

Tlic higher the spcetl. the greater wdll be the friclion. 
d = cliatncter of journal, in inches 

The larger the diameter, the greater will be the friction. 

1 ^ length of bearing, in inebes 

The shorter the length, the less will be the friction. 

Obviously, the shaft might run in closer proximity to one side so that 
the least film-thickne.ss would be 0.5^). and the gre«itest l.Si[}. The axial ec¬ 
centricity would be 0.5^. or 50 per cent of the r«vlial clearance. This per¬ 
centage of eccentricity is <lcsigmalcd by the letter c. The journal will not 
run eccentrically, however, unless it is pushed over. When jmshed out of 
center, the journal meets opposition from pressures that then arise in the 
oil-film. 

To Mr. Kingsbury belongs the credit for obtaining the lowest reliable 
experimentally determined coefficient of friction. In his paper. A New Oil- 
IVsling Maclitne, jMiblished in the Traits^octionx of the A. S. M. P.., he re¬ 
ported a coefficient of friction of 0.00053, but later he obtained 0.00046 in 
some other te.sts that have never been published. These e<K*nicicnts were for 
an oil-lubricated journal, the bearing of which was fitted for about 120 de- 
grec-s. These low values were the result of very careful workmanship. 
They were far below the lowest coefficient published for ball-bearings up 
to that time. In this connection it is only fair to state Ihul while ex¬ 
tremely low coefficients of friclion have been olitained under ideal labora¬ 
tory conditions for plain journals, in practical application and with existing 
shop methods the friction of balld>carings is le.ss than that of a plain bearing, 
no matter how well lubricated it is, under similar conditions of speed and 
load. Then ag<ain. one must consider that the friction of a ball-bearing is 
jiractically imicjiendent of lubrication, while that cd a plain jcmrnal Is mate¬ 
rially influenced by the degree and character <if the lu))ricating medium. 

Oil'Orooving Bearingt. —.Some authorities state there should be no oil- 
grooves In the loaded side of a bearing, because oil-grooves arc channels 
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through which the oil-|>ressures in the film are relieved. This relieving of 
the ijressiire thins the film aiul makes the hearing run hotter than it would 
otherwise. 

A few general rules for grooving may he followed with safety: 

(\) When the hearing completely Rtirround.s the journal, the bearing- 
surface tnay he nnhrnken hv gnxives, except one longituditi.il 
groove along the surface nhout opposite to the loaded side. For 
low' spcc<ls. the single grtKive may he small with closed ends, with 
clrif> hi)»ricalion, nr. for high speed, the grrH)ve may he hirgc. through 
vs'hich cool oil may he circulated rapidly to remove the heat of 
friction. 

(2) Partial hearings are n>ed on railroads hut arc seldom f<uutd in en¬ 
gine construction. They are nsrti with the hearings alsu'e the jour¬ 
nal. and as lineshafl hearings in ships, when the hearing is helow 
the journ.il. 'rho circumferential length <jf a partial bearing is 
iisn.ill\ IJtt clegrec>. <»r le^s. It can then l^c Isiretl with a clearance, 
the amr>nnt of which depends n|Hin the toad and the luhricntion, or 
it can he filled carefully to the joiirnnl .ind he snitahle for heavy 
serMce If a jiarlial hearing cmerv more than 120 degrees of the 
jnnnial. It should always he pro\ide<l with running clearance. Par¬ 
tial hearing .surfaces rr<jmrc nti groynes. 'I'hc leading edge, where 
oil enters the film, sliouhl he slightly rounded. 

(3) i'*nll hearings, w uh two oji|Kisite gTimve''. about IX) degrees from the 
loatlcd side, are very eoinmon. in hearing'^ tna<le in halves. No ad¬ 
ditional griKives should he used Such hearings should he horcri 
with running clearance, the amount ilepending on the speed and the 
hiad- Heavily loaded hearings may rc<niirc some fitting even though 
provifled with running clearance. 

Derivation of Lubricants.- -1'he first <ii|s which were used for Inhricat- 
Ing machinery were ohlainefl from .animal ami vegeUihlc s<nirces. though a 1 
the present time most unguents are of mineral clenvalioii. Lubricants may 
exist as fin ids, scniillnifls. or soluls. The viscosit> will vary from light 
spindle or dynamo oils, which h:nc hut little m<»rc body than kerosene, to 
the heaviest grea.ses and tallows. The most Ciiinnion solid employed as a 
lubricant is graj^hitc, sometimes termed "phimhago” nr “lilark lead.’* This 
.substance \s of mineral derlv.itiun. The <hsadvanlagc of (»ils of organic 
origin, such a.s th<»sc obtained from animal fats or vcgelahle suhslances. i'* 
that they will absorb oxygen from the atnmsphcre, which causes them to 
thicken or hec<niic rancid. Such oils have a very piK>r cold test, as they 
solidify at comparatively high temperatures, and their flashing point is so 
low that they cannot he used at jiuints where much heat exists. In most 
animal oil.s various acids are present in greater or less quantities, and for 
this reason they are not well adapted for lubricating metallic surfaces which 
may he rai.sed high enough in temperature to cause decomposition of the 
oils and acid reaction with the metal.s hihricated. Organic oils also decom^ 
pose by heat and produce gummy deposits in the combustion-chamber. 

Lubricants derive<l froni the crude petroleum arc called ‘’Oleonaphthas’ 
and they are a product of the process of refining petroleum through which 
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frasnllne ainl kerosene are o1>taine<l. Tliey are of lower cost lhan vepfetal)lc 
or animal oil. ainl as they are of nonor^nic origin, they do not become 
rancid or gummy by constant exjwsiirc to the air. and they will have no 
corrosive action on metals because they contain no deleterious substances 
in chemical com|>osition. Ry the process of fractional dislillatioii mineral 
oils of all grades can he obtained They have a lower cold and higher flash 
test and there is not the liability of spontaneous combustion that exists 
with aniin.il oils. 

Organic OUa.—The (organic oils are derived from fatty substances, which 
.ire present in the Ixulies of all anitnafs and in some i)ortu)ns <if plants. 
The general method extracting oil from animal Iwidies is hy a ren<lcriiig 
process, which Cimsists of ajiplying sufficient heat to li<[iiefv the nil and then 
veparatiiig it from the tissue wilh uliich it is comiMned hy compression 
The only oil which is u.'ied to any cxteiu in gas-engine lubrication that is 
not of mineral derivation is castor <»il This substance has been used on 
high-speed racing automobile engities and on airplane powcrplants. It is 
ub(aine<l frion tlie .seeds of the cavtur plant, which contain .'t large t^ctccut 
age of oil. 

Among the solid substances which have been used for lubricating ]>ur- 
poses in machinery may be mentioned tallow, which is obtaiiie<l frinn the 
fat f»f animals, and graphite ami soapstone, w hich are of mitieml derivation 
Tallow is never used at |>oirils where il will be c\|K*sed to much beat, 
though il was sometimes eni|doyecl as a filler for g^ea^es used iu trailstui^- 
sion gearing of autos and i»n machinery bearings. 

Mineral Lubricants.- •<(ra)ihile is .sometimes inixetl with oil and applied 
to cylinder lubrication, though it is most often used in connection with 
grea.ses in the lamling gear tiarts ancl for coating wires and cables of the 
airplane. Grajihite is not alTected by beat. cohl. aciils. or alkalies, .md has 
a strong attraction for metal surfaces. It mixes reailily svilh oils ami 
greases and increases their cfllriency in iiuiny applications. It is s<jme- 
titnes used where it would not be possible to use other lubricants because 
of extremes of temperature as in exhaust valve guides, 

The oils used for cylinder lubrication are obtained almost exclusively 
from crude petroleum derived from Americ.au wells. .Special care must be 
taken in the .selectitm of crutle material, as everv varietv will not yield oil 
of the proper quality to be use<l as a cylinder lubricant. The crude petro¬ 
leum Is distilled as rapidly as possible wilh fire heat to vaixrrizc olT the 
naphthas and the burning oils. After tlicse va^Mirs have bien giveindrsuiier- 
heated steam is provi<le<] to assist in clistilling. When enough of the light 
elements have been eliminated the residue i's drawn off. juissed through a 
strainer to free it from grit and earthy matters, and is afterwards cooled 
to separate the wax from it. This is the dark cylin<ler oil and is the grade 
usually used for steam-engine cylinders. 

Properties of Cylinder Oils.—The oil that is to he used in the gasoline- 
engine must he of high quality, and for that reason the best grades are dis¬ 
tilled in a vacuum that the light distillates may be separated at much lower 
temperatures than ordinary conditions of di-stilling |>ermil. If the degree 
of heat is not high the priHluct is not so apt io decom}>ose and deposit car¬ 
toon. If it is desired to remove the col<»r of the oil which is caused hy free 
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carbon and other impiinties h can he accomplished by filtering the oil 
through charcoal. The greater the number of times the oil is filtered, the 
lighter it will become in color. The best cylinder oils have flash points 
usually in excess 500 degrees Fahrenheit, and while they have a high 
degree vi.sc<»sity at 100 degrees Fahrenheit Ihey become more fluid as 
I he tempo rat lire jnereaso.s. 

'I'hc lubricaliog oils obtained by refining crude jK'lroleum may he divided 
into three classes: 

First—1*1 10 natural idls of great ImmIv wliich are ]prepared for use hv 
allowing the criulc material to settle in tanks at high temperature and from 
which the impurities are reim»ve<l by natural filtration. The.se oils are given 
the necessary body and are freed fr<nn the volatile substances they contain 
by means of superheated steam which provides a source of heat. 

Second—Another gra<lc of these natural oils which are filtered again 
at high tempemuircs ami muler pressure through beds of animal charcoal 
to improve their co\or. 

Third—Pale, limpid oils, obtained by distillation and suhser[uent cheni* 
icnl treatmcnl fmtn Ihe residuinn prcuhiceil in refining petroleum to obtain 
the fuel oils. 

Mixed Oils.—Authorities agree that any form of mixed oil in which 
animal aiul mineral luhncaiits arc combined should never be used in the 
cy]in<ler of a gas*ciiginc of any type nsing fixed cylinders as the a<lniixturc 
of the lubricants dc»es not prewnt the deconi]H»sition of the organic oil inlr) 
the glycerides and fatty acids peculiar io the fat used, lii a gas-engine 
cylinder the flame tetnls to produce tmire or less charring. The deposits of 
carbon will be much greater with animal oils than with those derived from 
the petroleum base because the constilucnls of a fat iir tallow are not of 
the same volatile character a.s those which comprise the hydro-carhott oils 
which will eva|)oratc or volatilize before they char in most instances. This 
does not apply with cuual force to the use of blended mineral and castor 
oil or to certain ty]>cs of aviation cngine.s such as the early Gnome and Le 
Rhone rotary engines which used castor oil because of the method of fuel 
vapor charge distribution to the cylinders. 

All lubrication experts claim that jmre petroleum pro<]ucts arc the best 
oils f(»r the lubrication of intcmal-combiistiiin engines and that the (piality 
of these oils is largely determined by the degree of purity to which they 
are hrouglU in (he refining process. For the lubrication of the early l•'^elu'h 
rotary lyi>e tiiolor.s where the lubricating oil comes in direct contact witli 
the fuel, it ha.s been bniml that vegetable castor oil Ls better, because it is 
less solul)lc in gasoline and will, therefore, .stick better to the surfaces which 
arc washed by the fuel. Such engines arc sebloin used at the present time 
because of the nmrked develojuneul of the fixed radial lype.s. 

European engineers were almost forced to the n.se of oils of vegetable 
and animal origin during the War owing to the fact that Europe has no 
available supply of high grade i)etroleuni, and of all such lubricants, pure 
castor oil is uncjuestionably the best. In fact, under certain conditions it 
makes a very satis(acli>ry lubricant. The objections to its use are. that 
being a vegetable jiroduct. it contuin.s a considerable amount of giitn.s and 
resins which accunnilatc in the engine and collect on the valves and piston 



TESTS OF LUBRICATING OILS 


471 


rings and that in heating and cooling it absorbs oxygen which gives it a 
tendency to become too thick and gummy. In rotary engines, any excess 
oil was thrown out of the exhaust by centrifugal force ami early pilots fly¬ 
ing training ships such as the NieiitJorts and Avros or service ships such as 
the Camel know the taste and smell of burnt castor oil very well. 

In some instances a mixture cd castor and mineral oils is used, hut ex¬ 
haustive tests made by the U. S. Army Air Service has provctl that such a 
mixture has no a<lvantage over a straight mineral oil. except in the case of 
rotary engines. In making a mixture of castor and mineral oil. the two not 
being mutually soluble, a mutual solvent such as lard oil or Ncatsfoot oil 
which are of animal origin must he used. l)tit all such mutual solvents have 
some undesirable characteristics of their own. 

No laboratory tests have yet been <U*viscd which will determine abso¬ 
lutely whether or not a given oil will give salisfactoiy service in an engine 
and it is the usual practice among the reliable refiners of oil to first make 
an oil having the desired chemical characteristics an<l then subject that oil 
to severe and exhaustive tests in an engine. Such tests are usually made 
on a test stand or a dynamometer wliere ojjcrating conditions may be kept 
constant during the tests and where ineaMirenients of temperature, fuel 
consumption, htirsepower, etc., may be made conveniently and accurately. 

Flaah Test of Oil.—The flash test reveals the lowest temperature at 
which an oil will give olT a Cfunlnistilde vai>or at atmospheric pressure in 
the presence of air. The test is mafic by carefully healing a sample of the 
oil and noting the temperature at which the \aiKirs first ignite. The flash 
point of any oil is practically the flash point of its lightest constituent. 
When an oil. tliercfure. has a high Hash jM>int. that fad in itself is evidence 
that it is not a mixture of light and heavy oils of difTcrent composition. 
It is apparent that a few drops of gasoline, due to excessive primings or a 
slight amount of dilution with ligditer oils will cause the flash point to drop 
immediately. U. S. Govenimenl .speciflcalions retpiire a flash point of not 
less than 400 degrees Fahrenheit for light aero oil.s and not le.ss than 450 
degrees Fahrenheit for heavy aero oils. The fire point is the temperature 
at which the vapors given off by healing the oil will ignite and continue to 
burn. It is from 40 to 60 Fahrenheit <legrccs almve the flash jKdtil. Gov¬ 
ernment specifications do not cover the fire point, as it is of little value 
when the flash point of the oil is known. 

Viscosity Measurement.-—Vi set »sity. as applietl to aero oils, represents 
the resistance to flow and is measured by taking the lime, in seconds, re- 
(juired for a given amount of oil iv flow through a standard no/zle at a given 
temperature. All oils become thin as they are heated, some of them at a 
much faster rale than others, hence, in order for tlie tc>t li> be of any value, 
the exact temperature at which the viscosity i.s taken inu.st be known. In 
order to know Ibc loss of viscosity wlieu cnl is liealerl, it is necessary to 
take visco.sity readings at a number of different temperatures. 

Government specifications reejuire the following \i.scoNitics at 210 de¬ 
grees Fahrenheit. 

Grade 1 . 75 to 85 seconds 

Grades 2 and 3. ^^0 to 100 seconds 

Grade 4.1^*^ seconds 
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Government specifications also call for a cold test wliich simply means 
that otU must pour or flow at certain temperatures. The parades are: 

Grade 1 . 15* F. 

Grade 2. 30^ F. 

Grades 3 and 4. 45* F. 

The Grade I oil is used for winter flvinjj in colder climates and for 
fliljhls at aft it inks uIuto low temperatures are encountered. ICven when 
Hyintj under these cotiflitions it is doubtful if a lemperalurc lower than 
ftftecii dej;rees l•^'lh^enlleu would ever he ciicouutere<l in the liif>rlcatin>; 
system and tlie tul system shrmid alw*ays he thoroup^hly drained ininiedi- 
aiely f<»llo\vinp: each flight. 

All Oils Contain Carbon.—All petroleum oils have over 80 per cent car* 
hon hy weight and luhricatinc oils consist exclusively of carhon and 

hydro^'cn conihined in <lcnnitc chemical relation. The carbon residue is 
found hy a test in which the oil is subjected to destructive distillation 
known as the (*onra<lson test. The cnrT>on residue does not indicate, in any 
manner, the rapidity with which carhon deposits may he expected to form 
in the cylimlers and on the j>islons <if an cnjjinc. Accumulation of carhotJ in 
an aircraft enjjinc is due. in practically every instance, to imperfect combus¬ 
tion of the fuel and even in cases of excessive oil consumption or oil putnp- 
inje, sto]i])ace is tjencrally causcil liy foulin^^ of the sparkplugs rather than 
to excessive carhon residue from the oil It is true that carhon will ac- 
cuinulalc in any engine operated for a sufficient length (d time, hut the use 
of a proper fuel mixture and tight fitting ]>ist<»n rings will do more to mini¬ 
mize this coiuhtion limn any slight change in the carhon residue of the oil 
possibly couhl. 

Government s)>ecifirations allow a maximum carbon residue of 1.5 per 
cent for Grade I, 2.(1 jier ceiM for Gra<lc 2 ami 2 5 per cent ft>r Gracles 3 and 
4. The carhon residue is lakeu as an iinlex to the degree of refining and 
filtration enij)loyecl in the manufacture of the oil. 

U. S. Governtnent spccificHtions for aero <nl also require detailed labora¬ 
tory tests to determine aridity. ]>reciint.'itiou of insoluble matter and dcmul- 
sihilily, all of winch arc (d a chemical nature and are designc<l t<i show the 
degree ni refineincnl and filtratitni to which the oil has been subjected in 
its manufacture. N<mc of them has any direct hearing inx the use of an oil 
in an engine and n<*ne giNCs any imiication as to the lubricating properties 
of the oil. The Icufling oil refiners have selected certain grades and blends 
which they kiunv are suilahlc for aer<i engines ami the rvc<nnmeiHlation-s of 
a reliable oil manufacturer can usually be follcwved to a<]vantage. All en¬ 
gine builders recommend grades of nil best adapted to their product and the 
user will not go wrong if he foll4>ws their advice. 

Castor Oil Specification.—The U. S. Air Service Specification No. 3,500 
B covers the desired characteristics of castor oil for aircraft engine lubrica¬ 
tion. The (ill must be a high-grade vegetable castor oil suitable for rotary 
engine hihricatiun. lioth cold-])resscd vegetable castor oil and hot-pressed 
vegetable castor oil which has been refined so that it will meet the require¬ 
ments (d thi.s specification are acceptable. The castor oil must be free from 
adulteration, other oils, susjicnded matter, grit and water. 
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Physical Properties and Tests.—The castor <m 1 niiist meet the following 
requirements: 

Color—When observed in a four-ounce sample bottle, the castor oil must 
be colorless or nearly so, transparent, and without fluorescence. 

Specific Gravity—The castor oil must have a specific gravity of 0 959 
to 0.968 at 61) tlegrees Fahrenheit. (Itanme gravity must he froni 16.05 to 
14.70 at f)0 degrees Fahrenheit.) 

Viscosity—The castor oil. w'hen tested in a Sayholl universal viscosi¬ 
meter» must have a viscosity of not less than 450 seconds at 130 degrees 
Fahrenheit and 95 seconds at 212 degrt^es Fahrenheit. 

Flash Point—The flash ihmiU must not be less than 450 degrees Fahrciu 
heit in a Cleveland open cup flash tester. 

Pour Test—The castor oil, in a four-ounce sample bottle one-quarier 
(!4) inu>t not congeal w being subjecteil tn a teinpcralure i<f \)Uis live 
<legrces I'ahrcuhcit for one hour. (See A. S. Sptri float Ion .V525 fur 
‘i*our-test.‘*) 

Evaporation Test—The castor oil must not show a greater loss than 
five-tenths (0.5) of one per cent when healed in an oven at 230 degrees 
Kahretiheil for one and three-4|tiarter hours. Thi'« test shall be inaile on a 
flve-grani sample in a glass crystallising di^h a|>j)roxiuintoly 2'/^ inches in 
diameter ,ind inches high, ittsiile (Jimensions. 

Ash—The castor oil shall iK»t show more than 0015 per cent ash an<l 
shall show no impurity of any sort not related ti» the original pr<iduct. 

Chemical Properties and Teste.—Suluhility—The castor oil inu.st )}C 
ef»tnplelrly soluble in four volumes t»i per cent aUoliol isj)eeifie gravils 
0.834 ,il fjO degrees Fahrenheit). Tliis test shall Ik* made an a ts\o cubic 
centimeter sample. 

Acid Nuinl>cr—It must not require more than three milligrains of po¬ 
tassium liy<lroxide iKOII) or 2 14 nulhgraniMjf MKlium hydroxide (NaOll) 
to neutralize one gram of oil, T'his is eifuivalenl to 1.5 i>er cent oleic ;ici(l. 

Unsaponifiahle Matter—The uiisn]ionifial>lc matter must not exceed one 
per cent. Sanijdcs useil for Ihi.s test shall weigh live to ten grains. 

Iodine Number (ITanus or Wijs methods)—The iodine nuniher must be 
between 80 and 90. Samples used for thi.s te.st shall weigh 0.2 to 0.25 gram 
and shall bo treated for one hour. 

Rosin (Licberman-Storch test)—The castor oil must not give a reaction 
for either rosin or rosin oil. 

Cot ton seed Oil (Halphen lest)—The castor uil nnisl not gnve a reaction 
for cottonseed oil. 

Factors Influencing Lubrication System Selection.—The suitaliiliiy of 
<iii for the pnqitr and elfunent lubrication of all intcniul-ccniihuslioii eiigiiie*^ 
is determined chiefly by the following factors: 

1. Type of cooling system (ojieratnig tein|HTature5). 

2. Type of lubricating sy.steni (method of atiplyiug oil to the moving 
parts). 

3. Rubbing speeds of contact surfaces. 

Were the operating t€m|>erature.s, hearing surface speeds and lubrica* 
tioii sy.stcms identical, a single oil could he used ui all engines with e(|ual 
sulisfaction. The only change then necessary in viscositv would lie that 
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due to climatic conditions. As eng;ines are now desij^ned. only three grades 
of oil arc necessary for the lubrication of all types with the exception of 
Knight, air-cooled and some engines which run continuously at full load. 
In the sj)ecification of engine luliricants the feature <»f l<»ad carried by the 
engine should be carefully considered. 

ruU Load Engines. 

1. Marine. 

2. Racing automobile. 

3. Aviation. 

4. Farm tracts »r. 

5. Some stationary. 

Of the forms outlined, the only ono wr have any immediate concern 
about is the airjjlam’ |Kiwer])lant The flan Washlnirn Refining Com¬ 
pany, who have made a careful study of the lubrication problem as applied 
to all types of engines, have found a peculiar vet of conditions to apjdy to 
oiling high-sj)ccd constant-duty or "fnll-load’* engines. Modern airplane 
engines are de.signcd to operate continuously at a fairly uniform high rota¬ 
tive speed and at full load over long periods of time. As a se(|ucncc to 
this heavy duly the operating temperatures are elrvate<l. For the sake of 
extreme lightness in weight i»f all jmrts. very thin alloy steel, alumimim nr 
cast iron j^istnns arc fitted and the temperature of the thin piston lica<).s at 
the center reaches anywhere helween 60(l<li*grees and 1.400 degrees Fahren¬ 
heit. as in automobile racing engines. Freely c.\i>osc<l to sneh intense heal 
hydrocarbon oils are partially “cracked** into light and heavy pri»ducts or 
polymerized into s<did hydrocarlHins. From these facts it follows that 
only heavy mineral oils of hnv carUni residue ami of the grealevt chemical 
purity and stability shonhl he used to secure good lubrication. In all cases 
the oil should he sufficiently heavy to assure the highest horsepower and 
fuel and oil economy coin|>atil)]e with ]>crfcct lubrication, avoiding, at the 
same time, carbonization and tgnilimi failure. When aluminum pistons 
are used their sui>erior heat-conducting properties aid materially in reduc¬ 
ing the rate of oil destruction. 

Pursuit Airplane Engine Lubrication.—The extraordinary evolutions 
described by military airplanes in flight make it a matter of vital necessity 
to operate engines inclined at all angles to the vertical as well as in an up¬ 
side-down position. To meet this situation lubricating systems have been 
elaborated st» as to deliver an abundance of oil where needed and l(» elimi¬ 
nate possible flooding of cylinders. This is done by applying u full force feed 
system, distributing oil under considerable pressure to all working parts. 
Discharged through the bearings, the oil drains down to the suction side 
of a second pump located in the l>ottom of the base chamber. This pump 
being of greater capacity than the first prevents the accumulation of oil in 
the crankcase, and forces it to a separate oil rcscrvuir-coolcr. whence it 
flows back in rapid circulation to the pump feeding the bearings. With this 
arrangement positive lubrication is entirely inde]>endent of engine position 
The lubricating system of the Packard aviation engines, which is shown at 
Fig. 206, is typical of current practice. The lubricating method of the Cur¬ 
tiss D12 engine shown at Fig. 207 is also a good example of a dry sump 


Variable Load pAighies. 

1. Passenger aiilnmohile. 

2. C'lnnniercial vehicle. 

3. Motor cycle. 

4. Some stationary. 
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Fif. 207.—Lubrication Chart of the Curtiss D12 Aviation Engine, Showing Method of Supplying Oil Under Pressure and Use of the 

Pump to Keep the Crankcase Drained. 
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system applied tt> a walcT-c<»ule<l cujjine. 'I'hc Wri>;ht Whirlwind M(«lcl 
J5 engine uses the oiliiJj' system slmwn at Fi^^ iW and this may be cjmsid- 
ered typical of air-cooled radial engines. AH of these systems will be 
described in detail in other chapters. 

Gnome Type Engines Use Castor Oil.^The cnnstructum and operation 
Ilf rotative ra<lial cylinder engines introduce achlitional clifficullies of lubri¬ 
cation to those already referred to and merit especial attention. Owing to 
the peculiar fuel sin»ply systems of Giuunc type engines in %vhich atomized 
gasoline mixed with air is drawn tlir<ingh the hollow stationary crankshaft 
directly into the crankcase, which it fdU on the way to the cylinders^ ordi¬ 
nary mineral oils cannot he u^ed. Hydrocarbon oils arc soon dissolved by 
the gasoline ami washed idT. leaving the hearing surfaces without arlequate 
protection and cxpr>scd to instant wear and dcslnictlon. So castor oil i.s 
resorted to as an indi>]>eMsablc but unfortimaie compr<»mise. Of vegetable 
origin, it leaves a much more bulky carbon de|>oslt in the explosion cham¬ 
bers than docs mineral <nl an<l its groat afTmity for oxygen causes the for¬ 
mation of voluminous gummy depn>it in ibe crankcase. Itngines employ¬ 
ing it need to be dismounted ami thorougbly scrape<l out at fre<]ucnt inter¬ 
vals. It is advisable li> U'^e fmly unblended chemically j'ure castor oil in 
rotative engines, first by virtue oi its insolubility in gasoline and second 
because its extra heavy KckIv can resist the high temfHTaturc of air-cooled 
cylinders tln>ugh this advantage is also shared by the heavy bodied mineral 
oils. 

Hall-Scott Lubrication System.—The oiling system of the Hall-Scott 
type AS liS horsc|*ower w atci-cinded engine is clearly shown at Tig. 209 
ami mav be conslrlercd t\pieal of prewiir practice. It wa.s c<»inpl(*lely de¬ 
scribed in the instruction book issued by the omijiauy from which the fol¬ 
lowing extracts are rei»rorluce<l. Crankshaft, connecting rods and all other 
parts tvllhhi the crankcase and cylinders are lubricated directly or indirectly 
by a force-feed oiling system. Tlic cylinder walls and wristpins arc lubri¬ 
cated by oil spray thrown from the lower cml of c<»nnectlng rod bearings. 
This system is used only ujion AS engines, Upon A7a and Ay.i engines a 
small tube supplies oil friun connecting rtnl bearing directly iijnm the wrist- 
pin. Thv oil is drawn from the .strainer located at the h»wesl iMWtiou of the 
lower crankcase, forced around the main intake manibdd oil jacket. From 
here it is circulated to the main distributing jupc located along (he lower 
left hand side of up|>cr crankcase. The oil is then f<»rced ilirectly to the 
biwer sitlc of crankshaft, through holes drilled in each main bearing cup. 
Lc.ikag^c from these main be.arings is caught in scuppers placed upon the 
cheeks of the crankshafts furnishing oil un<lcr pressure to the connecting 
rod bearings. A7a and A5a engines have small tubes leailing from these 
bcaring.s which convey the oil under pres.surc to the wristpins. 

Function of Bypass Valve.—A bypass l<Kated at the fnmt end of the 
distributing oil pipe can be regulated to lessen or raise the pressure. By 
screwing the valve In, the i>rcs>urc will rise and rn<ire oil will be forced 
to the bearings. By iin.screwing. pressure is reduced and less oil is fed. 
A7a an<l A5a engines have relief valves located ju.si oi^ of the main oil 
pump in the low'er crankcase. This regulates the pressure at all times so 
that in cold weather there will be no danger of bursting oil pipes due to 
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excessive pressure. If it is foiiml the oil pressure is not maintained at n 
high enough level, inspect this valve. A stronger spring will not allow the 
oil to bypass so freely, and consequeiilly the pressure will be raised; a 
weaker spring will bypass more oil and rc<luce the oil pressure materially. 

lndej>endcnt of the al«»vi-mentinned system, a small, directly driven ro¬ 
tary oiler feoils oil to the base evicb individnat cylinder. The supply of oil 
is furnished by tbc tiiain oil jnim|i boated in the lower crankcase. A small 
sight-fce<l rennlal*)r is furnishcil conind the supply of oil from this <iilcr. 
This instrument should be |dace<l bigber than the auHiliary oil distributor 
itself to enable the oil to drain by gra>itv feed to tbc oiler. If there is no 
available place with the necessary height in the front seat of fdane, connect 
it <lircclly to the intake I- fitting on the oiler in au miright jKJsition. It 
should be regulated with full ojien ihr(»ftle to maintain an oil level in the 
glass, approximately half way. 

An oil pressure gauge is provided. This should be run In the pilot's 
instrument bi»ard, 'The gauge registers the oil pressure ujHm tbc bearings, 
also determining its circulalion. Strict watch should be uiniiilained of this 
instrument by j)ilot, and if for any reason Its hand slumld drop to O the 
motor should be immediately stojiped and the trouble found before restart- 
ing engine. Care should be taken that the oil <loe.s not w ork tip into the 
gauge, as it will jircvcnl llic correct gauge rcgisieriiig of oil pressure. The 
oil pressure will vary acc<irding to weather conditions and viscosity of oil 
used. In normal weather, with the engine properly warmed uj), the pre.s- 
Mire will register on the oil grange from ii\e to ten ]»ouiuls when the engine 
is turning from 1.275 to ].M}0 r.p.m. 'I'his dnc.s not ai>idy to all aviation 
engines, however, as the proper jiressure advised for the Curtiss 0X2 
motor is from 40 to 55 ]HmiKls at the gauge. As a rule, engines using wet 
sump lubrication employ lower pressure than those Inliricated by the dry 
sump method. 

The oil sump plug is located at the lowest point of the lower crankcase. 
This i$ a combination dirt, water ainl sediment traj). It is easily removed 
by unscrewing. Oil is furnishcil mechanically to the camshaft housing 
under pressure through n small tube leading from the inniii distrilniting 
pipe at the ]>ropcller end of engine directly into the end of camshaft hous¬ 
ing. The opposite end of this Inmsing is amply relieved to allow the oil to 
rapidly flow d<nvn iipcni camshaft, niagnicto, piiiion*<haft. taiid crankshaft 
gears, after which it returns to lower crankcase- An outside overflow pipe 
is also provided to carry away the surplus oil. 

Draining Oil from Crankcase.—The oil strainer is idaced at the lowest 
point of the lower crankcase. 'Hiis strainer slimild be removed after every 
five to eight hours running of the engine ami cleaned thoroughly with gaso¬ 
line. It i.s also advisable U» .sijuirt distillate up into the case through the 
opening where the strainer has been removed. Allow this distillate to drain 
out thoroughly before replacing the ping with strainer attached. Be sure 
gasket is in place on plug before replacing. Pour new oil in Through either 
of the two breather pipes un exhaust side of motor. Be sure to replace 
strainer screens if rcnioveil. if. through oversight, the engine docs not 
receive sufficient lubrication and begins to heal or pound, it should be 
stopped immediately. After allowing engine to C(k>I j^our at least three 
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gallons c){ oH into <»il sump. Fill radiator with water after engine has 
cooled. Should there he a]»|>areni damage, the engine should he thoroughly 
inspected immediately without further running. If no obvious damage has 
been done, the engine should he given a careful examination at the earliest 
opporUinity to see that the running wilhfuU oil has not burned ihr hearings 
or caused <»lher trouble, fhls best adapted for Hall-Sc<»tt engines have the 
following projicrties: A flash tost <if not less than 400 degrees Fahrenheit, 
viscosity of not le^s than 7^ lo85 taken at twenty degrees Fahrenheit with 
Sayholt’s Universal Visc<jsimel«tr. 

Zfrolinr lutiry duty oii. in.anuf.u'lurcsl hv llu* .Standard Oil Coin)Kmy <»f 
California: also, 

(•arffovti' utnhilt" /» oil. inamifaclurcd by the Vacuum Oil Company, both 
fulfill the ahiive specifications. One or the other nf llu’sc tuK van be ob- 
tuinecl all (n*er the worhi. Monog^ram extra heavy is also recommended. 

on Supply by Constant Level Splash System.—The splu'^li system of 
lubrication that depends on llie connecling rod to distribute tlie lubricanl 
is one of the nio.st successful and ^inttdrsi forms for simple four and sin 
cyliutler vertical siutmnohdc engines, but is iml as well adaple<l to the oil¬ 
ing of air|»l<mc jKiwerplanis for reasiius j>rc\iini'**ly stated. If too much oil 
is supplied the siirjilus will work ]»as| the jnsion ring^s and itito the com 
buslioTochamber. where it will burn and cause carbon deiMisits. T(jo much 
oil will alsfi cause uir engine to <iiioke and an excess of lubricating oil is 
usually luanife.sted by n bluish-white smoke issuing^ frfun the e\haus 1 . 

A g'or»d methcal of maintaniing a constant le\H ctf oil for the successful 
application of the splash system is shrovn at iMg 210 The engine base 
casting includes a se^iarate chamber xnIiicIi serses as an oil coutanier ancl 
which is bebwv the level (»f tnl in the crankcase. 'I'he luhncanl is drawn 
from the sum]) or oil container b) nieuus of a )N»sitive oil ])nmji which dis¬ 
charges directly into the engine ca.sc 1'hc level is inaintaiiied by an over¬ 
flow t>ij)e which allows all e.vcess hihricaut to tliov hack into the oil con¬ 
tainer at the botl<nn id the cylimler. before |>assiug iiiti» the ))umi* again 
the oil i.s &traine<l i>r filtere<l by a screen <d wire gauze ami all f«»reign luat- 
ter removed. Owing to the rapid circnlalHHi <d the oil it may be u.scd over 
and over again for ipnle a iwriod <d lime. The iul is introduced dirceth 
into the crankca.se by a hreatlicr |n])e aiicl the level is indicated hv a roil 
carried hv a float which rises when the container is re]»lenislu*d ami falls 
when the available supply dimini.shes. It will be noted that with sticli 
system the only ajipnratu.s rei|uire<l besifles the oil lank which is cast in¬ 
tegral with the hut loin of the crankcase i.s a suitable imin]) to maintain cir¬ 
culation of oil. This member is always ]M»Mlively driven, either by means 
of .shaft and universal cou|diijg or ilirect gearing As the system is en¬ 
tirely automatic in action, it will furnish a |M>silive supply of od at all de¬ 
sired points, an<l it cannot be iami>ercd with by the inexpert because no ad¬ 
justments are provided or needed. 

Dry Sump System Best for Airplane Engines.-^In most airplane power- 
plants it is considcrc<l desirable to supply the oil directly to the ]mrts need¬ 
ing it by suitable leads instead of <]c])et)diug solely u|K>n the distributing 
action of scuojis on the connecting nxl big ends. Systems of this nature 
are show n at Figs. 2()7 and 208. 'The oil is tarricil in the crankcase, as 
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Pi^. 209.—Diagram of Oiling System Employed on Early HalUScott Type A—Six-Cylinder, 125 Horsepower Engine. 
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18 common practice, but the normal oil level is below the point where it 
will be reached by the connecting rod. It is drawn from the crankcase by 
a phiniftT pump which directs it to a manifold Icadinjj directly to conduc¬ 
tors which supply the main journals. After the oil has been used on these 
points it drains back into the bottom of the crankcase. An exce.ss is pro¬ 
vided which is supplied to the ronnectiiii' rod ends by passap:cs drilled into 
the webs of the crankshaft and j^art way into the craiikpin.s as shown by 



Pi^. 210.»Sectional View of Typical Automobile Motor. Showing Parts Needing 
Lubrication and the Method of Applying Oil by Constant Level Splash. 

the dotted lines. H'he oil which is pre.sent at the connecting rod crankpins 
is thrown oflf by centrifugal force and lubricates the cylinder walls and 
other internal parts. Regulating screws are provided so that the amount 
of oil supplied the dilTcrcnt points may be regulated at will. A relief check 
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valve is installed to take care of excess lubricant and to allow any oil that 
(Iocs not pass back into the pipe line to overflow or bypass into the main 
container. 

A simple system of this nature is shown ijraphically in a phantom view 
of the crankcase at Fif;. 211. in which (he oil arc nia<[o s|>eciat1y 

prominent. The oil is taken from a reservoir at the boiunn of the cnjjine 
base by the usual fc^rni of ^car u\\ (ninip and is siijiplied to a main feed 
manifold which extends the len^lh of the crankcase, ludlvidnal conduc* 
tors lead \(t the five main bearin^d. which in turn sup]>ly the crankpins by 



Adjuiilns Valvt. 

CNl 


a««vrv«ir. 


,*1(011 Pump. 


Piff. 211.»Sunple Pressure Peed Oil Supply System for Automotive Powerplants 

Uiing Only One Pump and Carrying Oil in the Sump. 


passages drilled through the crankshaft web. In this powcrplant the con¬ 
necting ro<ls are hollow section built up members and tbc passage through 
the center of the connecting rod serves to convey Ibc lubricant from the 
crank|nns to the wrislpins. The cylinder walls arc oiled by the spray of 
lubricant thrown olT the revolving crankshaft by centrifugal force. 

Oil projection by the dippers on the ccmnecling n«l emis from con.stant 
level troughs is unequal n|K>n the c>'liuder walls of the two-cylinder blocks 
of an eight- or twelve-cylinder Vee-cnginc. This gives rise, on one side of 
the engine, to under-hibrication. and, tm the other side, to ovcr-lubrication, 
as shown at Fig. 212 A. This applies (o all nKNlifications of splash lubricating 
systems. When a forcc-feed lubricating sysinn is used, the oil. escaping 
past the cheeks of 1>oth ends of the crankpin bearings, is thrown off at a 
tangent to the crankpin circle in all directions, supjilying the cylinders on 
both sides with an equal quantity of oil. as at Fig. 212 H. 
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Oiling Curtiss OX Engines.—The lubrication system iirccI nn Curtiss 
OX type engines is of llie wcl sump ty|>e. The oil is circulaled lo llie main 
journal bearings, the connecting rod crankpin bearings and the camshaft 
bearings under a pressure of from 45 to 60 pounds. The cylinder walls, 
piston pins, thrust bearing an<l minor enclosed parts arc lubricated by 
spray; the surplus oil draining t<i the sump in the lower half of the crank- 



Pig. 212.~Why Dry Sump Pr«tsure Feed Lubrication ia Beat for Vee Type Airplane 
Engines. A^When Spla^ is Used. One Bank of Cylinders Geta More Oil than the 
Other, B^Equal Lubrication in Both Cylinder Banks Assured by Centrifugal Die* 

tribution of Oil. 
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case where the oil supply is maintained. A j^au^e on the side of the crank* 
case indicates the level. The hottoni uf the sumji slot>es from front and 
rear toward the center at which point it passes through a strainer to the 
oil pump external suction line. Above the sump are two baffle plates, one 
on each end, which arc inclined parallel to the .sump bottom and drain into 
the removable strainer. These baffles prevent over-oiling when flying at 
steep angles. 

The oil pump w'hich is removable is located in the bottom half of the 
crankcase at the propeller end, and con>ists of two gears. It delivers the 
nil to the front end of the holUwv camshaft through an external delivery 
pipe. At this lioint arc located ilie pressure relief valve and the pressure 
gauge connection. Keinrn oil from the relief valve is allowed to drip over 
the crankshaft and oil puin)i drive gears on its way to the .sump. The ad- 
iustment <if the pressure relief valve is accomplished by varying the thick¬ 
ness of the fiber washer imcicr the head of the screw which bears against 
the pressure regulating spring, From the camshaft the <nl is delivered to 
annular grot»vcs in the camshaft bearing^ through holes drilled in the jour¬ 
nals. I'rom this point it flows dinvu through holes in the bottnm.s of the 
annular gnxtves. rn register with lea<ls cast in the webs of the cr<aukcasc, 
to the main journal bearings The journals are hored as are the crankpins, 
a connection hetween them being made by <ln]liiig the crankclieeks. The 
connecting rod big eiuls receive their lubrication from the crankpins 
through boles drilled in the latter. A small (|uantity of oil is allowed tu 
csca]ic from the rear cml of the camshaft, which lubricates the timing gears 
and magneto drive gear. 'I'he juston pin bosses have boles in their upper 
^ides to leail (»il to the piston pinn which rotate in the bosses. 

Oil Pumping and Carbon Deposit.—*'Oil fhirn)ung/* in the common use 
of the term, refers to an aecnmulatmn of <ul in the combustion-cliambers 
rather than to the ([uanlity which actually tmsses the justons. With ade- 
ipiale cylinder lubrication, there is normally a certain c|uantity of oil pass¬ 
ing mill llir coiulaiNtion-chamlMTs. If It is burned, its pres<*nce i.s not nh- 
icehoiialile—but if it accumulates, fouled .sparkplugs, sticky valves and 
excessive carbtm <leposiis are likely to result. Aii engine operating under 
a heavy load will burn cleanly an excess of oil. while <»iie which is lightly 
headed iir niuuiiig idle canuc^t coii.Mime large i|uantities. t>arlicnlarly if the 
lubricant is richer than the <i|»eratnig tenij'eraturcs call for. The result is 
oil jHimjnug trimblcs w hich arc alw ays aggravated when an oil heavier than 
rccommeixled is iise<l. 

^Vca^ of cylinders and pislon.s with increased normal clearances, or wear 
• if the piston riug.s may l>e resiKnisiblc for an excess of oil in the combus¬ 
tion-chambers. Wear of the rings in their grooves will cause a definite 
immpmg action—lifting the oil inechauically into the euinbustion-chambers. 
When w'car occurs, it must be remedied by renewing or refitting the parts 
affected. With correct lubrication, wear will be greatly reduced. Carbon 
accumulation in the engine is the result of incomplete comi>u5tion*^ither 
of the oil or of the fuel or both. This failure to hum the oil and fuel com¬ 
pletely may he due to the lack of sufficient air for complete combustion or 
to the lack of suffleient heat for proper vaporization. 
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Oil pumping and excessive carbon deposits in modern engines may be 
controlled by careful observation of the following suggestions:— 

1. See that scavenger pumps are functioning properly. 

2. Use a high (juality oil of the body and character recommended by the 
engine manufacturers. Either an incorrect grade or a poor quality 
oil is certain to make trouble. 

3. Do not try t<i cinnpcnsatc for wear by using a heavier bodied oil than 
is recommended. The heavy oil when heated will pass the pistons 
almost as readily and will be harder to burn. The trouble will there¬ 
fore be aggravated instead uf corrected. 

4. If the oil fjrcssure falls off gradually, a possible cause is worn bear¬ 
ings, which allow too much oil to be s))raycd from the bearing clear¬ 
ances. If this is the case, it is obviou.sly wnuig to try to correct the 
condition by increasing ihc pressure aiul feeding' .still more nil, <ir by 
changing to oil a heavier grade. Oil diluted by fuel will cause a 
falling off in the o\\ pre.ssnre. It is therefore atlvisablc tt> drah the 
crankcase cmuidetcly and refill with fresh o\\ before concluding that 
the bearings ure at fault. 

5. Ue sure that the carburetor is not fec<ling t<»o rich a mixture. If there 
is not enough air to consume all the fuel, there certainly will not be 
enough to consume any excess oil which passes into the ctnnlnistion- 
chand»cr, Incomplete coudmstiim means carhon. 

6 . '^Missing*' promotes oil jmiujung uiid carbon fc»rmalum because the 
oil normally passing into ilu* ctmdnf'^tuni'chnmlx'r U not burned. 
Keep the igrdtion system In gcxKl conditkm. 

7. C<impressiot» losses affect the efficiency of the eugnne and the com¬ 
plete conilnislion of oil and fuel. Kcej* the valves properly ground 
in and the tajipcl clearance properly adjusted, 

Sludge.—Sludge, thcaigh not particularly prevalent in aircraft engine 
operation, may licconic trouhkxMunc under .short llig'hts <ir extremely low 
temperature conditions to the extent of clogging some of the smaller oil 
passages or the oil screen. Sludge is an einulslmi td oil, water and im¬ 
purities which accumulate in an engine run h«i cold. Water va|>or con¬ 
stitutes a large percentage of the exhaust gas hi normal combustion. A.s 
long as the cylinder wall temperature is above 120 degrees Fahrenheit this 
vapor passes out the e.xhaust jiort and does no harm, but w*ith a cnni])ara- 
tively cold cylinder wall this va|>or condenses on the nil film nud some of 
this moisture Ls scraped into the crankcase by the piston rings on each 
downward stroke. 

Agitation of the water, oil and impurities by the circulating pumps 
whips these substances into a permanent mixture or emulsion. When this 
emulsion is force<l into the u hirling crankshaft centrifugal force .separates 
the sediment from the mixture and (le|>usits it on the outer walls of the 
drilled passage. If this dciio.sit becomes excessive, it may clog the lead to 
the master rod bearing ur the leads to the cam disc bearing and the mag¬ 
neto drive shaft, and cause serious damage. Sediment can be minimized by 
following the draining instructions of the various engine builders for with¬ 
out impurities cinttlsiun and sludge arc impossible. 
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Rust’Corrosioo.—Occasionally some of the polished parts of engines, 
such as piston pins and valve stems, are found io he ntsted or corroded. 
This trouble is due, firsts to the presence of water in the crankcase and, 
second, to the fact that badly diluted oil does not protect the working parts 
iroin the rusting action of the nuMStiirc. If this moisture is nta<le acid, as 
it can he through the use of fuels coiit.iining excessive amounts of sulphur, 
ihc surfaces may become cornKled very rapidly. Any sulphur which is 
contained in the fuel burns in the cyliiulers and f<irms sulphur trioxide 
(SOfl). If there is leakage past the pistons and rings, part of this sulphur 
irioxidc will find its way into the crankcase al<jng with a cnnsulcrablc quan¬ 
tity of water vapor,—one of the pnwiucts of combustion. When the engine 
is cold, this water vapor will comlense into lujuid form and unite with the 
suli)hur trioxidc to form sulphuric acid (H-SO^V If the crankcase oil is 
badly diluted, it will drain ofT of the parts, leaving them exposed to the 
action of this acidulated moisture which course, tends to corrode them, 
F.ven if the fuel is free from sulphur ct>mp<»unds which would form acid» 
the parts may rust <lue to their becoming coated with moisture. 

Ku.siing and corro.sion troubles may be avoided by observing the follow¬ 
ing prccaiitums, as there can be no rusting or corrosive actum if the parts 
are protected by oil: 

1. Minimize dilution by using the mi.xlure contrid to keep the fuel con¬ 
sumption at its most economical value. 

2. Keep the engine in such mechanical condition that the burning gases 
will not readily pass the pistons and rings. 

.T U.se the correct oil and keet> it in good condition so that the jiistons 
will be sealed against leakage. 

4. Follow the draining sugge.stitms given in this book and in the in- 
structiem manuals uf the various engine builders and i»il companies. 

OUFSTION.S KOK KEVIEW 

1. Why i< lubricad'im necessary in l>cariii|Oi? 

2. What is the theory of lubrication*' 

3. What are the mam re<tmrcnieni'i of oils? 

4 . Where do tuhricanis c<mif from^ 

5. What veKetahlc oil for etigint* htbricaiioii ami to what type of engine 

i( hcsit adapted? 

6. Wh.at are mi.scd oil-i: mineral oils, org.inic 

7. Describe simplest mctlHHl of engine oiling. 

a. What ts the best oiling sysirm for modern aircraft engines? 

9. Name parl.s and operaiicni of diy «>ninp oiling system. 

10. What causes sludge; rust, corrosion? 



CHAPTER XVIT 

MODERN AVIATION ENGINE LUBRICATION SYSTEMS 

Aviation Engines Present Difficult Problem—Faulu rf Force Feed OU Systems— 
Effect of Varying Clearance—OUing System of Wasp Engines—Whirlwind Sys- 
tem of Lubrication—Hispano-Suisa Oiling System—Liberty “12” Oiling System— 
Enpne Lubhcatiofw-Ifotta-Praichint V6 Oiling Syttem^Firman In* 
VCTted Engine^Lubrication of Anxani Bnginet^Efiiciency of Oil Pump*—Pre»h 
Oil Syitem^Tempcrtture Efftct on Power Delivery—-HUpano^Suis* Oil Coolinj 
Syttem—OU Temperature Control Not Only Solution—Wright Oil Temperature 
Control Syatem—Packard Oil Radiator—Oil Cooling by Intake Gas—Ball and 
Roller Bearing* Have Little PrictioiL 

The selection of the correct grade o{ oil for nn engine depends upon the 
consSideration of every fcaUirc of its design, cofistrnciion and operation, 
which may afTcct either tlic ability nf the oil to Tnaintaiu an adequate luhri- 
cation film on all working parts, or the performance of the oil in the engine 
Certain factors such as heal aiitl dilution by nnvaporized fuel tend Xo thin 
out the nil. reducing its pr<Jlcctive effect, while the pressure of the gases 
above the pistons lends to force the oil from the clearance sjpaces, thus im¬ 
pairing the piston seal. Under $omc conditions, these factt»rs may be fd 
minor importance; under others, they may Imve a inarke<i effect nn the 
lubricaling oil. In the first case, light InKlicd clean Imrning oils of high 
quality will assure ade([uate lubrication; in the second, a high quality oil 
of heavy body and rich lubricating value, may 1)e very ilesirable in order 
to offset the effect of these factors to the maximum degree. 

In contrast to these c<jnsi(!erali<ins, there are others which, at times, 
may prevent the use of heavy IxKlicd. rich luhricating oils. For example, 
to assure reliable distributum of the oil by the lubricating system; to mini¬ 
mize power loss and fuel waste due to the internal friction of the oil itself; 
or to reduce carl>on <1e]>osits to a pinnt where they are detrimental to satis¬ 
factory engine performance, in some instances, it may be necessary to use 
light bodied oils of such character that they will he distrilmtctl readily and 
burned cleanly under the most unfavorahle conditions. The relative im¬ 
portance of these factors varies widely in individual engines, and many 
apparently minor features of design, c<mstruction or operation often have 
an important bearing on the lubrication requirements of a particular unit. 

Aircraft Engines Present Difficult Problem.—Few, if any other, ma¬ 
chines or engines present as difficult a lubricating problem as is found in 
the lubrication of aircraft engines. In the solution of this ]>rol)lcin, con¬ 
sideration must l>c given not only to the ty|)e of engine and the melh(»d 
of lubrication employed, but also lo the wide range of conditions under 
which it must operate, all of which affect lubrication. Aircraft engines are 
expected to o])eratc perfectly under full load in hut summer weather at 
sea level atmospheric iiressure, on the one hand, and at idling speed in sub¬ 
zero temperatures at an altitude of 10.000 feet or more, on the other. li 
has not been possible to design temperature controlling devices, either 
coolers or radiators, in the lubricating system.^ which will compensate 
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entirely for such a wide range of conditions and the lubricating oil must, 
therefore, be able to withstand wide and rapid variations in temperature, 
maintaining during the entire time an almost frictionless him of oil on the 
surfaces of the moving parts, IxKal conditions also have a pronounced 
effect on the oil film so necessary in aviation engines. The steel cylinders 
used in a number of engines arc very thin and are exceptionally good con¬ 
ductors of heat. There is always a possibility of the part of the water- 
cooled cylinder-walls near the water inlet remaining relatively cool, while 
the area near the exhaust may reach extremely high temperature. 

The pressure gauge is usually Conner led to the main oil lead from the 
pump and the pressure registered on it. shows only the resistance, in 
j>ounds per square inch, to the flow of oil through the bearings. It is 
conceivable that through some stoppage of the oil lead, the pressure might 
l>e greatly increased even tiumgh less than the niirtnal amount of oil was 
actually reaching the bearings. It is alsi> evident that in the case of an 
(►111 nr worn motor, l)earing clearances will have increased until they offer 
v ery little resistance to the Dow of oil and, as a consequence, the pressure 
will he low, yet it is under just this con<lition that the hearings are re¬ 
ceiving the greatest amoitnt of oil. Unless all of the other factors affecting 
lubricati<ni arc known tf» the pilot, the pressure gauge is not a safe index as 
to the lubrication of the bearings of his engine. 

Healing an engine before starting In cold weather, if only by filling the 
circuiating system with hot water, is a mailer of prime ini])ortancc. It is 
ccpially as iinp<‘rtant to drain the lubriculing system at the end of each 
flight and to refill it with warm oil liefnrc starting again. In cold weather, 
an airplane engine after starling .shrmld invariably be run on closed throttle 
unlil thoroughly warm. Iwforc taking off. The fact that tardy action of 
ihc oiling system is often due to failure of the heavy oil to flow through 
ihe ]Himp screen has not I'Cen often mentioned. A conventional gear-pump 
will draw all the oil from inside a pump screen in a few sec<inds after start¬ 
ing and, if the oil docs not flow through ihc screen rapidly enough to supply 
the pump, the pump will suck air when any ^K>rtion of the screen is near 
the oil-level. The oil-level in this sense may mean an irregular outline 
representing the top surface of the .semi-fluid oil, usually cupped-out in 
the vicinily of the pump immediately after starling in cold weather. To 
jireveut I he piim]i from <lrsuving in air and In force it to exert a suction on 
the oil surrounding the screen, an air-tight bell is sometimes fitted over 
the .screen, so that air cannot How through any pc»rtion of the screen that 
nihcrwi^c would be cx|K>scd a1x>ve or near the oil-level under the condi¬ 
tions already described. 

Faults of Force Feed Oil Systems.—The conventional force-feed sys¬ 
tem has one other weakness in that, on a new engine, with the bearings 
fairly tight, a minimum amount of o\\ is thrown-off to the cylinders, which 
need oil at this time more than at any time during the life of the engine, 
f.ater on. cylinders and pistons ac([uire a giKid (Mdished finish and less 
oil is required for their lubrication than when they left the factory. The 
greater clearance in the l>carings due to wear ]>crmit5 more oil to escape 
at this time, when really less oil would 1>e desirable because worn or 
"run-in'' bearings run with less heat and friction than tight ones. In 
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extreme cases this permits bad cases of over-lubrication, the effects of 
which are exaggerated still further due to the decreasing efficiency of the 
average piston ring, lly this is meant ht>th the wearing of the ring in the 
piston-ring groove and the tendency of the face nf the ring to round over. 
A ring worn thus has of)viously lost its most valuable asset, that is, its 
ability to scrape off surplus-<d1 on the down stroke, and an examination 
of rings fn>m engines inclined to pumping oil will often show this wear 
at the edges of the face, which arc no longer sharp as on a new ring but 
somewhat chamfered. 

The quantity of oil thrown off by the crankshaft checks can be controlled 
fairly well by )>nqKT main-bearing constnictkm, in which the oil-groove 
in the face of the bearing docs m»t extend into the shim coiiuct-surfacc. 
There is a mating gnwo't* on the Kick of the bearing, the gr<«ovc in the upper 
and lower halves registering thrtmgh a bole in each slum. The inner groove 
on the upper half of the bearing is thus supplied with oil under pressure, 
but no oil is uii<ler pressure at the ]>oints where the shims usually seat 
against the crankshaft, the point where most leakage takes place. 

Lubrication of pistons and cylinders liigU-si>ccd engines is further 
coni])licated by a conditiem that arises from the nature of the finish of the 
cylinder-walls, If the walls are not absolutely sni(»<jlh but contain minute 
corrugations or other irregularities due to the method of finishing, the ring.s 
will be forced away from the cyliiKler-wHlIs at high piston-speeds. This 
tendency of rings to collapse permits the hot gases lo blow <io\vii past the 
piston-walls, and is detrimental to the lubrication of the piston, cylinder 
and rings. 

The Effect of Varying Clearance^^The effect of varying clearance be¬ 
tween the moving parts of an airplane engine on lubrication is stated thus 
by the Equijmieui Division of the U. S, Air Corps: 

"The clearances that are allowed for bearings lubricated by means of 
a force feed sy.'«tem must be considered in the light of a check or throttle 
valve at the outlet of the system. Close clearances have the effect of 
checking the flow of the oil by reducing the outlet; wide clearances allow a 
free passage of the lubricant. Close clearances are always accompanied 
by high pump pressures, as compared with wide clearances with the same 
lubricant. Therefore, with the same lubricant, higher pump pressure can 
be secured by reducing the clearances. With the reduction of clearance, 
there is a reduction in the amount of oil that flows through the bearing. 
With the same clearance it is necessary lo decrea.se the Ixnly of the lubri¬ 
cant to increase the flow. In starting an engine with cold oil the pump 
pressure is high. This pressure falls as the body of the oil is reduced; 
first by the heal taken from the pistons in the cylinders; second by the 
heat generated hy the oil working through the system and the bearings; 
and third, by the gasoline that has leaked past the rings and is held by 
the oil. 

"The heat of a bearing not affected by outside temperatures is largely 
due to the fluid friction of the lubricant, the rule being that the heavier 
the body of the oil, the higher the heat due to friction. With the same 
lubricant on a bearing, an increased flow will reduce the heat by simply 
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carrying it away and not allowing it to accumulate. There is, therefore, an 
automatic adjustment in the force feed system with the heavy oil^^s the 
bearing heats, the oil feed increases, due to the oil being lighter in body, 
and this increased feed tends to reduce the temperature of the bearings, 
and as the temperature is reduced, the body of the oil gets heavier and the 
flow is checked. It is only necessary to have a large cnongh supply of 
oil and a sufficiently large pump at work at any clearance to make over- 
licating almost impossible." 



Pig. 213.—Lubrication Chart of the Pratt A Whitney “Wasp** Engine. 


Oiling System^Wasp Engines.—The oil tank should be located near 
the engine, and if possible, slightly al)ove the center of the engine; a large 
head however, is not de.sirable since it may cause oil to leak through the 
pump when standing for a long time and fill the engine. The tank should 
be protected from the hot air coming from the engine and provision made 
to pass cool air continuously around it from the slipstream. In designing 
the oil tank figure on an average oil consumption of one and one^half 
gallons per hour. This will care for full throttle operation. The filler 
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should be at least two inches diameter and must he located so as to insure 
an air space above the oil equal to at least ten per cent of the volume 
of the oil, as shown at P%g. 215. A three-quarter inch vent should he 
provided in the top of the tank. Jf this can he arranged so that oil will nol 
issue from it when the plane is l>cing maneuvered, the vent pipe can be 
carried down and out of the fuselage. Otherwise, this pi])e should be 
connected to the engine crankcase. A connection for this pur{H>se is 
provided on the left side of the rear crankca.se. A large drain valve should 
be accessibly located under the <»il tank. The oil piping to and from the 
engine should l>e one inch seamless cnpi>er tubing, and should have as feu 
bends and Ci>nnections as possible. Smaller piping will give trouble in cijld 
weather when the oil is thick. See the t*il coimcctiiMi diai»rntns for the 
proper hook-up. these being given at Kigs. 21.1 an<l 214. 





Fig. 214.^View Showing Methods of Lubricating Accessories of the Pratt & Whitney 

*'Wasp*’ Engine. 


The oil strainer is al the rear of the engine just forward of tlie carbu¬ 
retor. Provision should l)c made iu the ctwvllng an<l .structure to gel al 
this readily. The oil pressure relief valve is at the side of the strainer 
chamber, and faces toward the rear and the left .side ami should be made 
accessible. The oil pressure gauge connection is un the right side of the 
engine at the rear of the mounting flange and is tapped % inch pipe 
thread, O. D. copper tubing should he used with a pig tail at the 

engine, and a 150 pound gauge. The oil thermometer connection is also 
on the right side and is in the oil outlet passage. This is tapped inch 
eighteen threads. The thermometer should read in degrees Fahrenheit to 
212 degrees, or degrees Centigrade to 100 degrees. 
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Whirlwind System of Lubrication.—The force feed system of lul)ri- 
catlon is tuiplo/ed in Wri*fhl Whirlwind engines, the od being delivered 
under pressure to all friction surfaces exce(>t the cylinder walls, piston* 
pins, and accessory drive gears. 'I'his system is clearly shown in sectional 
views of the engine given at Fig. i08. the solid section showing fresh 
nil from the lank. Unlike the conventional autom<aive type of engine, the 
oil supply is carried in a tank se(>arate fnmi the engine, 'lo cireiilaic this 
oil three pumps of the gear type are employed. 'Hiesc pumps, which arc 



Fig. 215.^Diagram of External Oiling System for "Wasp** Engine. 


isscmhlcil as a unit and driven hy a single shaft, can readily he removed 
for 1 inspect ion or eleaniiig. (>iie of the pumps draw.s fresh oil fnnii the tank 
and forces it thnnigh a <louhle screen to a cirninilerential gn»ove in a plain 
hearing posiiiune<l on the rear end id the crank.shaft. The oil enters the 
hollow crankshaft through a hole which registers with the circumferential 
groove, filling the crankshaft throughout its length. A hole clrille<l radially 
m the crank-throw leads the oil under t»ressiire l<i the master rod hearing 
from where it is forcetl ihnmgh channels in the rear of the i)eanng an<l 
<lrilling5 in the flanges of the hearing shell to the link rod knuckle pins. 

Other oi>cnings drilled in the Indlow crank.shaft lead the oil under 
pressure to the cam disc 1)earing, the hollow cam drive shaft and the mag¬ 
neto drive shafts. The oil sprayed off of the master rod Inraring and the 
link rod knuckle pins is thrt>wu to the cylinder-walls and t>istoti-pin hear¬ 
ings providing ample hihriration for the.se parts. The excess oil from the 
cam and magneto drive gears and <lrivc shaft.s falls to the ImiHoiu of the 
front section and drains off through an externa! pipe to the sump. Sur|dus 
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oil in the crankcase main section also drains Into the sump but throug^h 
a passage cast in the crankcase and in the intake manifold. The sump is 
located in the inlet manifold and consists of a jacket surrounding the three 
induction passages. It serves not only as a drainage point for the oil but 
also as a heater for the incoming fuel mixture. Oil collecting in the sump 
is drawn up by one of the .scavenging pumj^s through an external line and 
delivered to the oil reliirn line. 'I'hc oil spraying off the rear crankshaft 
bearing, the oil from the accc.ssories drives and the di.scharge from the 
pressure relief collects in the bottom of the crankcase rear section. Oil 
at this point is draum off by the second scavenging pump and is also 
delivered ti» the oil return line. 







Fig. 216.—Lubrication Diagram of the Hispano-Suiaa SOO Horiepower Engine. 


Hispano-Suisa Oiling System.—.American Ilispano-Suiza .^00 horse¬ 
power Oiling System: Lubricatkm o{ this engine is by the dry sump, force 
feed type in which oil is sut)|>lied to main Warlng.s under pressure and to 
cylinder-walls and wristpin l>carings by oil spray from the rotating craiik- 
shaft. The oil pumps arc located in the rear of the lower crankcase. There 
are two scavenging jmmp.s and one pressure pump, all of the gear type. 
The simplified diagram from the Air 5cmVr Huffiiic Hancthook at Tig. 216 
shows the system very clearly. Oil is drawn from an outside tank by the 
pressure pump and forced under pressure through an oil screen which is 
enclosed in a hemispherical aliimimim housing, integral with the lower 
case and situated directly under crankshaft bearing number four. After 
passing the screen the oil is conducted by a steel tube, cast in the crank- 
case, to the three front main bearings. The fourth licaring has a direct 
lead from the oil filter compartment. Oil passes from a circumferential 
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groove in back of each main l>earing to the bearing surface through four 
equally spaced holes. The crankshaft is hollow with radial holes in the 
journals and cratikpins. providing lubrication (or the connecting rod big 
end bearings. Holes are provided in the marine rod hearing so that the 
oil is properly distributed In the nntcr or plain rod bearing. Excess oil 
thrown off from the main and connecting rf>d bearings lubricates the piston- 
pin bearings, pistons and rylindcr-w*alls. 

Through a bypass around the propeller end bearing, oil is led to tubes 
running up the front of each cylinder block to the front camshaft bcaring. 
A hole in the bearing in register with a hole in the journal, allows the shaft 
to fill with oil. Oil is led to the remaining camshaft bearings through 
drilled holes in the cainshnfl. Small htdes In the cams .supply oil to the 
cam follower faces. Oil from the rnnishafl housing flows down the inclined 
<!rive shaft housings over the driving gears and rear crankshaft ball-bearing, 
the excess oil gravitating to the rear of the lower case. Vhc bott<»ni of the 
lower case acts as an oil sump, from which the i.s removed as rapidly as 
it collects. One of the suctinu pniiiiis draws the oil from the front of the 
sump, the other pump dru\>s it fr<nu tbc rear and both the pumps deliver 
into a common discharge inpe connccicd with the oil tank. An oil relief 
valve is accessibly located on the side of the crankcase from which it 
extends into the strainer chainI ht. When the pres.stire exceeds an amount 
regulated by the spring tension, the valve is lifted from Its scat allowing 
oil to bypass from the .strainer ch.'tml>cr directly into the crankcase. There 
is no adjustment on the spring tension bill the spring is made of such a 
length that the valve will open between CO and 85 jxninds pressure. 

Liberty ‘*12” Oiling System.—The bibricating system is of the dry 
.sump, pressure type. Oil is supplied tinder i>re.ssure tc» the main bearings, 
connecting rods, and camshafts. The oil punijis arc located at the rear of 
the engine and are assembled with the oil strainers in an aluminuni hous¬ 
ing which bolts to the under side <>{ the lower crankcase. There arc one 
pressure pump and two scavenging pumps of the gear type as shown at 
Fig. 217. The oil is drawn from an outside tank or ra<lialor by the pres¬ 
sure pump, through a large filtering screen and delivered into a steel 
manifold running the whole length of the l*»wcr crankcase. Leads are 
carried from this to each crankshaft Iwaring and thence through passages 
in the crankshaft to the crankpins. I he Ic.ids to the main hearings termi¬ 
nate in annular grooves In the bearing linings, which extend approximately 
one-sixth around the circumference. Consequently, during the time that 
these grooves arc in register w ith the holes in the journals, the crankpins are 
under pump pressure. During the remaining five-sixths of the time they arc 
dependent for their lul supply entirely upi»n the pressure created by centrif¬ 
ugal force. The cylilulr^^, and jMston piii.s arc lubricated by the 

oil swirl of the craiik.'ihaft. A ])assagc Is provide<l around the propeller 
end bearing from which two oil leads arc taken to the camshafts. The 
oil is carrie<l in at the front ends of the camshafts. ])asscs through the cam¬ 
shaft bores and is distributed to each camshaft iKaring by properly placed 
holes. The rocker arms arc lubricated by oil from the bearings. 

All the excess oil in the camshaft housing eventually returns to the sump 
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K«. 217.—Oiling System of the “Liberty” Aviation Engine Operated on Dry Sump Principle. Oil from the Prewure Pump Goi 
Bearings and Camshaft, the Oil Spray Thrown Off by the Crankshaft Lubricating Interior Walls of the Cylinder and Other . 

Suction or Scavenging Pump Draws All OU from the Crankcase. 
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through the hoitsing of ihe cAiuMiaft <lrivc. oiling the gearing on its way. 
<lne of the scavenging pumps draws from the front and one from the rear 
of the lower crankcase. 'J'hey return the oil to ilic supply tank through a 
common lead. A relief valve i.s provided Iwlwecn the |>ressiire pump and 
the oil manifold which hypa^^cs the oil hack to the suction line of the pump, 
when the t»ressure exceeds the desired amount. This relief valve has a fixed 
setting. The tension of the relief vaKc spring can In.* adjusted by the in¬ 
sertion of shims. The valve itself has four small holes <lrillerl through 



Fig. 21SA.-^iUng Diagram of the Farman Eighteen-Cylinder Inverted Type 

Motor. 

it at the Stem which bypass a small, constant (|uaiUity of oil u* prevent 
over-lubrication at idling sjieeds. The thrust hearing and lachomeUT drive 
are each pnwided with extern»r oil cups for niamial Inhricalion which sup- 
]dements whatever sidash Uihrication they may receive. 

300 Horsepower Maybach Lubrication.—'file luhricntion system is of 
the usual dry .sump pressure type, 'fhe three separate and similar 
oil pumjis are located in the hottnm of the crankcase hmer halt and <lri\'eii 
I»y a .simple horizontal shaft. ICach pump c<msists of a bronze and a steel 
gear enclosed in a ca.sl-iroii case. The fremt and middle puiiijis are scaveng¬ 
ing pumps and dra\v oil from (wo small sumps located respectively at the 
front and rear of the crankcase iHiitoni. luich siimii is surmounted by a 
small standpii>e with a mushnsmi cover. A slight depression around the 
standpipe serves as a sediment trap. The delivery ports nf the two scaveng¬ 
ing pumt>s are connected by a steel jiipc, which runs parallel with the pumti 
>‘ha{t on the inside of the case. I'he outlet from this pipe to the oil tank 
is on the rear snetion well c<ivcr. The rear pump, winch is the pressure 
unit, draws Its oil supply from an external tank ami delivers it past a 
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Fic* 21SB.—Oiling STBtem of the Farman “Bluebird” Airplane Showing Lineeaod Alao Lamps to Indicate Amount of Oil Available in the 

Supplementary Oil Peed Tanks. 
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pressure relief valve and a check valve to the main pressure lead. The 
relief valve is of the loaded spring ty\>t and is adjustable from the outside 
by means of a thumb screw. It returns surplus oil to the suction side of 
the pressure pump. The check valve is similar to the relief valve, but has 
a weaker and nonadjtislable spring. Its apparent purjvose is to keep the 
oil passages full while the engine is shut down. 

The oil from the pressure pump is distributed to the crankshaft journals 
by an external oil pipe, l<»cated along the side of the up]>er crankcase. Oil 
leads are drilled in the main bearing webs of the upj)er case from the exter¬ 
nal pipe to the grooved crankshaft bearings. At each connection, between 
the oil pipe and tlic cmukca.se lends, is haated an oil metering jet, sur¬ 
rounded by an easily rcnnivable filler .screen. At the front end of the 
pressure header, two small lends arc run to the camshaft driving gears. 
'I'hcsc termiuale in small jets ploying on the gear leclh. The crankpin 
ami the pistun l)enring are lubricated by centrifugal pressure. This is 
ciccomplished by collecting the oil forced i»ut fri»m the main journal l)ear- 
ings in scuppers belied to the outside of the crank arms. The oil Is led hy 
the scuppers int<i the hollow craukpins. iliencc thr<mgh small hole.s drilled 
in the crankpins to the connecting rod big end bearings. It then passes 
uj) through lembs inside ot the hollow coiineeliug tckIs to the piston pin 
hearings. It is distnlmicd across the pcrforaic<l piston pin bushing by 
means of helical grooves inside the contiecUng rod small end. The lead to 
the oil ])rcssure gauge is taken fniin the mam oil pipe h few inches back 
uf the last cylinder. Near tliis point n small j)it>e is al.so led to the gaso¬ 
line pump. The camshafts, cam followers, accessory drive gears and cylin¬ 
der-walls arc .siihish lubricated by the surplus oil thrown from the crank¬ 
shaft and nil scup]KTS. 

Isotta-Fraschini V6 Oiling System.—l.nbrication is by the jircssure 
<lry snmi> system. A triple vane type pump is built into one as.sombly, 
and located at the rear <»f the engine. I lie upi»er unit supplies the pressure 
feed while the two hover units are the scavenging pumps. A pressure relief 
valve is attached at the deli\ery side oi the pump wdiich shunts oil back 
to the sump when a given prc*<Mire is excccilcd. The oil is drawn from 
the external .supply tank and forced by the pnmi> through an internal main 
lead to the hollow crankshaft, and an external lead to the hollow camshaft. 
Holes drilled radially through the camshaft serve the cams, cam bdlowcrs 
an<l bearings. JCxces.s oil flows Iwick through the vertical shaft housing 
at tlie rear of the engine, lubricating the driving gear; al.so through an 
overflow pipe in the fnmt of the engine. The oil which is transmitted to 
ihe crankshaft Inhricales the main bearings, and is carried by centrifugal 
force to the crankpin journals and bearings. A lead through each hollow 
connecting rod supplies the wrislpin. The excess oil flows back into the 
sump, is drawn off hy the scavenging pumps, and returned to the tank. 
The intake of one i>f the scavenging pnmjis is submerged in a small well at 
the rear; while the other pump rcccive.s its supply from the front through 
an internal suction lead. 

Farman Inverted Engine.—The oil circulation, as will be seen from the 
diagram at Fig. 218 A, is under pressure to the seven main Iwarings, to the 
main connecting rods and to the auxiliary rods. By reason of the projec- 
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tion of the cylinder barrels into the crankcase, the oil from the main and 
connecting ro<l bearings Is rollecte<l aronnd the base of the central group of 
cylinders, from which chamber it is returned to the tank by the scavenging 
pump. At each end of the cylinder blocks there is a flow of oil. by gravity, 
to the alnmininii hmisings cochfSJiig the valve gear. As the central block 

cylimhTS is lower than the two lateral nwvs, the central camshaft hous¬ 
ing forms the general collecit^r into which the lateral blocks drain, and 
from this point the oil is aspired to the Uink. A patented feature of the 
oil pump allows the area and weight of the pump (o be cut In two by making 
two pinions fulfill three functions; two suctions ami <»ne iircssurc delivery 
'J'htis a single pump housing containing three iMiiums makes It possible to 
realize the five following operations: suction front, suction rear, return to 
lank, suction from lank, delivery to engine. 

The oiling sy.stcm of a Farman airplane, the Hluc Bird, which uses 
two motors for jiower is slnovu at I'lg 21H I'. A main reservoir of oil 
is carrieii in the fuselage from which the hihricant may be su])plie<i to 
cither of the motor feed tanks hy a hand pump, tlic c<intr<d being by a 
three way valve. A system of lamps is installed so the level of oil in tlie 
feed tanks can always be determined. Blue lamp.s burning show full tanks, 
white laiu]>s irnlicatc about half lank while the re<l light iinlicates that the 
oil level is dangerously low. Two pressure gauges show if oil is circulating 
through the system, one Iwing inslalle<l in ihc piping of the front motor, 
the other In the oiling .system of the rear motor. 

Lubrication of Anzani Engines.—Folhwving a scries rif experiments at 
the An/ani factory, the manufacturers of the An/.aiii engines offer tt> 
owners c>f older Anzanis the billowing hints whereby they can bring the 
<iiling systein> of tlielr engines up the cflicicncy of the new engines, 
and to jnirrliaser.s of ncw' Anzani.s the nisi motions neccs.sary for the instal¬ 
lation of their enguie. 'riie lubricatum system of Anzani radial air-cooled 
aircraft engine has two major functions to perform, viz.: to lubricate the 
motor and to carry oiT excess internal heal. 'I'be usual niaiiner of per¬ 
forming these functions is to pump oil inio the crankshaft under pres.surc, 
from whence it slings olT of the crankjun and bathes the inside of the 
engine. Part of the oil collects in the bottom of the crankcase and is 
pumped hack to the lank and part is vaporized and beaten into a spray 
and exhausted from the breather pipes. 

In order l<» gain a maximum of cooling cfTect with minimum oil loss, 
many' schemes have been cv«>lvcd to allow the passage of a maximum of 
oil through the crankshaft w'ilh a niinumim amount to the interior of the 
motor. As the least bearing wear ujiscls all <if these schemes and results 
in excessive <iiling and breather loss, Anzani engineers abandoned them 
after experiment. The original lubricating .scheme con.sistcd of a gravity 
feed oil tank feeding into a chamber by gravity; from the chamber a cam 
driven plunger pump forced metered quantities of oil to the main bearings 
and through drilled crankshaft passages to the crankpins, from whence 
the oil was throw n off and luliricatrd the interior of the engine. The pump 
installation and the method of driving it is shown at Fig. 2I0 A. After 
performing its lubricating (uiicti<in. it va|M»rized ami blew otit of the breath¬ 
ers, thus filling its cooling function. This sy.sicm was very satisfactory. 



ANZANI OU.INU SVSTKMS 


501 















502 


M(;J)F.RN AVIATIUN KN^ilNKS 
















AN/.ANI OILING SYSTEMS 


503 


though wasteful of oil, which caused some operators to evolve various 
schemes for cutting down the oil supply. This reduced the sui)ply of oil 
for internal coolttiff and resulted in overheated pistons and hearing. 

After much ex|>cntnciit, the hdlowing system was evolved: Remove 
the breather pipes fr<mi the lop of the crankcase and jdugthc hiilcs, remove 
the drain plugs from the l>otloin <»f the crankcase and put a c<»llcctor tank 
l>elow this level, connecting it with these drain o^jciiiiigs. 1**11 the breather 
pipes to the lop of this tank cxtcnsirni pii>es, carrying them liigh up. 
Thc excess oil will now <lrain im»* this lank and as all brcatlilng is done 
through it, all cdl onlinarily Inst as va]x»r aiul spray will condense and 
r<illecl in I his tank, frc*m whence il may be pumped to llic gravity ‘*fujur- 
rice’* lank by a lianri punijj nr by a windnilll nr |»nwrr driven reliirn puni]) 
up to an overflow level in the “lunirrice** tank. The engines, up to and in¬ 
cluding 1^>27 models, arc filled with ihc well-known pinnger pump, while 
the 1928 models will lie lined with the new roiarv pump with a controlled 
bypass. With the sysletn dcscri))c<l, always operate the oil pump at full 
tee<l, viz.: full stroke <»n phinger pump (no spacer gasket under l)ody 
flange) and wdth Ihc bypass bnnclle of llio new tnuttp pointing towards the 
letter *‘0'* stamped on the cover. When llie plunger pump is renjovetl for 
any cause whatever, be sure to inspect the little check valve at the base and 
see that the cnl aspiration holes in the base of the pump arc clear. It is also 
a good plan Iti sireteli the spring Xo in.siirc ibe plunger following the 
f>perating cam. With the onlinnry oil a pressure gauge jdaced in the line 
between the i>unip and the oil feed into the bcaring.s should give a reading 
of five t(» six I Kin lids, which will drop somewhat wilh a hot engine. At 
the Anzani factory the engines are tested wilh the highest obtainable grade 
of genuine cold prcs.sed Castor oil, as this lubricant is in general use in 
France for aeronautic work and for many motor cars. For those who de¬ 
sire a mineral blend castor, the conipuny advises the use of Wakefield's 
Caslrol, Grade R. 

The 1928 model Anzani I^ngincs such as shown In section at Fig. 219 
B, arc especially adapted to American commercial use. They cmlK>dy many 
new special feature.s which assure the utmost in economy and dependability 
of operation for all re<|uircmcnts of from eighteen to 120 horsepower and 
the lubricating system has been changed to use a double gear pump. The 
liriiicipal reason for the unfailing jwrformance of the Anzaiii lubricating 
system is its utmost simjdicily—its few parts arc rugged and easily acces¬ 
sible. From the tank the nil is led to a ])res.<ure pimiji w'hich forces fresh oil 
supply to the main l>earings and through holes and drilled passages in the 
crankshaft to the crnnki>ins. The ml ary force thmvvs the nil in a fme mist 
which lubricates cylinder-walls, pistons and bearings. Likewise, the tim- 
Mig gears at the rear <if the engine are amply lubricated by <lirect pressure 
sujjply. The excess nil collecting in the crankcase is drained ihnmgh the 
scavenge line at the luutom of case. The iK-birc being t>ut iiiOi circula¬ 
tion goes through a fine filter and. ]nirified. is le<l back to the tank. Proper 
elearaiiccs are given all working parts in or<ler to obtain licst results from 
the use of mineral oil. All Anzani enginc.s are tested with mineral oil 
(Mobiloil B). Any high grade oil corrcs|>onding to Lil>erty Aero Oil 
Numbers 2 and 3 may be used satisfactorily. 
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Efficiency of Oil Pumps.—Tests on the power consumption and volu¬ 
metric efficiency of oil pumps as used on automobile and aircraft engines 
have l>cen comparatively rare an<i American engineers may he interested in 
some tests of sucli puin]»s which were made in the Mechanical L«ahoratory 
of the Ereslau Technical College, the results of which were briefly sum¬ 
marized in the Zritschnfi <ies i’erriurs Dcutscher hifjcnicurf. The tests 
were made on a vane tyi»c pumj) from Hisjjano-Suiza aircraft engine and 
on two gear pumps fr<nti aiitomohile engines. It was found that lx)lh the 
mechanical cfliciciicy and the volumetric cfliciency are dcficndcnt on the 
viscosity of the oil and on any leakage <»ccurriug. The vane type of pump 
has two chambers an<) the theoretical <lelivery per rev<ilvition is equal to 
two times tlic tnaxinmtn volume of each chuinhcr. Maximum delivery is 
assured vshen the inlet and outlet Imjsscs arc ci»axial, IW) degrees aj>art, 
and perpendicular to the axis of eocentneity of tlie rotary piston. The 
theoretical delivery j»cr revolution of a gear pump is equal to twice t)ic 
amount of oil nhich is pressed out of tlte tiK»th spaces of one gear by the 
teeth of the ^»ther. hi ortler to clctennmc tins it is necessary to measure 
the volume of the tooth spaces and of the teeth, and the clearance at the 
bottom of the tooth sjiaccs mu^t also be taken into account. 

It was bmntl from the rosult.s that the volumetric efficiency of the gear 
pump increases with the siH*ed, while with the eccentric or vane pump the 
volumetric efficiency reached a maximum value at 1.500-2,000 r.p.m. The 
reason for this tliffcrcncc in the charartenslics cd the two types is said to 
reside in the oil, which, by reason of its visci'sity. cannot follow the rapid 
im]mlse8 of the vanes at the higher sjieeds. With the gear pump the flow 
is more nearly uniform and ihe volumetric cfliciency therefore continues to 
improve with increase in .speed. 

With gear pumps the volumetric cfliciency decreases with the viscosity. 
This wa.s also held fnir for the vane pump below l.fXX) r.p.m.. while at 
higher sjkhmIs a ma.ximutn volumetric cfliciency wa.s obtained for lul of a 
viscosity of three dcgrcc.s Engler. Noticeable heating in the pumps oc¬ 
curred only when high viscosity oil was piini|>cd against considerable pres¬ 
sure heads. 

The plunger type of oil pump ha.s lieen used to some extent abroad 
though m<ist of the .^nicricaii aviation engines u.sc either the vane or gear 
pumjis maintain oil circulation. !f a very high pressure is to be inaiu- 
laiiied, liUingcr pumps are very sati.sfactory. The installation of the oil 
pump group ill a Lorraine (French) engine is clearly shcovn in the longi¬ 
tudinal sectional view given at Fig. 220. The plungers are driven by 
eccentric and link motion from a sh<»rt shaft driven by bevel gearing from 
the water pump drive shaft. Two scavenging plungers are used and one 
pressiirt: plunger, all working in a three cylinder lx»dy mrmber. The 
plunger type of pump is claimed to h.indlc cold oil and oils of high viscosity 
better than vane or gear pumps. The construction can be clearly under¬ 
stood by stu<lyiug the pump group outlined in the diagram which is a 
longitudinal section through a Lorraine twelve-cylinder engine. 

Fresh Oil Systems.—All variations and cumhinatious of the splash and 
of the force-feed lul^ricaling-systenis are classified under the term "^crank- 
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rasf j^ystcnis.** Thr freshniil system differs fiimlamcntally in that h feeds 
net appreciable surjdus to the hearing surfaces, and the slight surplus 
that may be provided as a safety factor need not be recirculated. The 
tests involve two types of fresh-oil system: that is. the “full frcsh-oil," 
|)rovidtng for the lulirication of all Iwaring surfaces by small cpiantities 
r»f unuse<l lubricant apjdietl directly to the engine t»arls, and the “ciimbina- 
tion fresh-uil and crankcase system.’* the latter inelhi»d furnishing fresh 
oil in minute (|uantiiies h»r cylinder lubrication and rccirculaletl oil for the 
lubrication of bearings and other surfaces. 

In the early stages of iiiternal<omlmslion-engine develojmient espe¬ 
cially in inoti>r cars the splash system of lubricatinn met the demands fairly 
well The spceils were nuMleraie. the fuels were of gootl fpialily and an 
ample snjjply of oil emlwxlying the desirable <jna1ities for proper lubrica- 
luni was available. As the oper.iting speeds were increasetl it became 
a]ij»arcnt that. tti seenre more positive hiliricatiim of the ro<l and main 
hearings, some other means than t)»e splash systetn was rcf|ulred, and the 
force-feed system gradually supersetle<l the splasli system. However, with 
the abamloiunenl of the spla.sli system, one marked advantage was .sacri¬ 
ficed with it. With the .splash system, an oily vai>or was present in the 
crankcase which ]ienetrate<l every |wri of the case, finding its way to iho 
valve chambers, gear housing and pushro<ls, and it provide<! ample, in fact, 
often tofi tuucli lidiricatkm. for the cylinder-walls. The v«aluc of this oily 
vajior cannot be denied, ns it was an idea) means of lubricating many parts 
of the engine. 

With the advent iif tlie force-ffC<l system, engineers depende<l upon the 
throw-off from the crankshaft to lubricate the pistmis and cylinders, with 
leads 1o auxiliary shaft.s and in .siune cases the tiniing-gcars. With 
this tiystem. ni»t nearly so much oil is in suspcnsiim to lubricate such jiarts 
of the engine as the push rods, camshaft and gears. Furthermore, the oil 
ihrown-otT from the shaft is in relatively heavy <lrops and is thrown against 
ihe interior walls of the crnnkca.se in jdanes coincident usually with the 
crankshaft cheeks a<ljaccnt to the main iH'urings. It does iK»t float ariUind 
throughont the craukca.se as docs the tnl that the di]>pcrs on the connectmg- 
rnils heat int«i u fme mist iti Ihe splash sy.stems. In <»bscrving engines in 
opera turn with the splash ami the force-fe<*d systems, it has been noticed 
that a far greater amount of oil exi.sts in suspension in the crankcase willi 
the Splash system. Some engines employing the force-feed sy.stein still 
retain the dip-trough beneath the connecting-rods for the sole purpose of 
pr<Hjucing the oily mist fi»r luhncalion of other parts of (he engine and 
tit eliminate any oiling difliciilty that might rc.siilt from tardy oil feed due 
to thickening at low tcm]»cratutes when the engine is first started. 

It is customary in some engines using large cylinders t<j use fresh oil 
for cylinder iulirication only and recirculated oil for the bearings, a com- 
liination that has produced s<mie interesting results. When ilie full fresh- 
oil system is employed, the installation usually jiruvides a mechanism for 
metering oil properly and forcing it through leads to the cyliiider-barrels, 
main and crankpin hearings and timing-gears. The oil is injected into each 
cylinder at a point opjiosite the first bridgi'-vvall of the i>istoii at (he down 
tlead-centcr position of the piston. An oil-lead carries the lubricant to each 
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main bearing and ta a centrifugal ring placed on the crankshaft cheek to 
throw the oil into the crankpin drilling through which it is carried to the 
crankpin l>caring. The lubricator mechanism is driven from the camshaft 
so that it operates automatically with the engine speed. Such systems 
have 1>ccn applied U> very large engines used in automotive applications 
but aviation engines fr»r the most jiart use the dry sump pressure system. 
The full fresh r)il system is iimre ectmoiuical of <nl and as fresh <»il is 
constantly sui>plied. there is hut little danger <»f using oil coiiiaminalcd 
by the fuel leakage, carlnm or metal i>articles. in the U-arings. Of course, 
filters used in aviation engines remove most of the foreign matter in sus¬ 
pension hut these cannot .slop or separate the v<datile fuel that leaks past 
the rings when the engine is overprimed or that condenses when the engine 
cools <lo\vn aficr stopping and which dilutes sump oil. 

*l1ie methods of applying<n1 u* an engine can be the cause of ajiprcciablc 
variations in the maximum t«)\ver that the engine is cai»able of dtdivering. 
Consider tabic that follows, taken from the 5. A. Ji. Journal, wliich gives 
the inaxipnnn-power readings of f*mr engines, each <»f which was tester I 
with two fumlanientally dilTerent oiling-systeins. One c<»lumn jjrcsents 
the maxitmnn*)lower rea<lings when the crankcase .system was in ojieralion, 
and the other column reveals the increase.^ In the maximum power when the 
fresh-iul system was installed, 'rhese increases were not caused hy the 
same elements in all four engines, although ovcr«ltibricalion can he held 
responsible as the uiulcrlying cause in each case. In ICiigincs Nos. 1, 2 
and 3, the crankcase system jjerniiltecl too great quantities of fdl to reach 
the comlnisticm-cliambers, in this way causing the oil to interfere with the 
fuel charge that the carburetor had metered out for the best fulbloa<l 
jierformaiKe. Without question such interference dties occur, and the 
fact is easily dejn<Mistrale<l in si>me engines. 

MAXIMUM-POWER COMPARISONS 




Crankcase 

Fresh-oil 

Engine 

Test 

Syvlcni. 

System, 

Nnnil»ers 

Nniuben 

U. Hp. 

n. Mp. 

1 

70 aiKl 71 

2S.I0* 

29.10 

2 

47 and 40 

2riK0 

29.W1 

3 

17 and 20 

272 $ 

35.7.S 

4 

SOI. and SOK 

.31.90 

.% 11 


In tile ra^ ol each engine, the nilinK mily vca< dianpcd 

* The clilTcrciM'c lit power reutlin^ in the csm.* nf <’jikmh* No. 1 due to over- 

liibricutwni when the c ranker sc systt^i wus in ofcmtion. 

Temperature Effect on Power Delivery.—L. H. Pomeroy, M.S.A.R., 
well-known internal combustion engineering aulhority, has carried out a 
series of tests which have l>een rejxirtcd in the .S'. A. H. Jottnml to <letermine 
the effect of tcniperalurc of oil and water on power absorbed by friction. 
He first considers, very briefly, what causes mechanical friction in any 
given automotive engine, where the areas arul the pressures arc determined 
by the design, leaving the speed and the viscosity as variables. These are, 
first, the friction arising from the crankshaft, the camshaft and the 
connecting-rod bearings, which rotate; secondly, that of the pistons, piston 
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rin^ and the valves, which slide; and thirdly, that of the auxiliaries, such 
as the generator, the pump and the distributor. The first and the second 
of these are our immediate concern. The friction in the crankshaft, the 
camshaft and the connecting-nwl l>earings is, of course, of the well-known 
journal-friction type, differinp, however, in that the lo.nding and the direc¬ 
tion of the 1i»adinK‘ are constantly changing. The second, piston friction, 
is interesting because it involves starting and .stopping during each stroke, 
which may and prolialdy <lo alter the character of the frictitmal resistance 
l>roduced- The rcsc.nrchcs of the Lubrication Coiumltlcc indicate that the 
friction of a flooded hearing is (a) proportional to the speed fif the engine, 
(fO proportional to the area of the hearing, (c) independent of the pressure 
on the licarlng, fr/) projK^rtional to the viscosity of the lubricant and (r) 
iiulepcudcMt of the inntcriuls of which the <»pposing surfaces are composed. 

K may lie well to explain the term “friction mean effectivc prrs.sure,” 
On Hug the Inst few years it has Ijccotiic a recognized method of criticism, 
when dealing with engine hor.scjMover for various sizes <if engines, U* 
lorrelate them by referring to the mean cITcctive pressure developed on 
ibc jiistfin. In the working eyrie, wo have, of course, a negative pressure 
iir >ucti>>n during the inlet stroke and a jMisitive pressure during tlie coui- 
pressum stroke, in each of which work is done upon the mixture; then the 
explosion stnike, when we t.ikc hack at compound interest what we have 
lent dunn;* the coiupressioti stroke; and finally a positive pressure <hiring 
ilic exhaust stroke when, having ciifeehlcd our debtor all we can, we cast 
Iiini into outer ilarkness, 'I'he average of all these jiressures upon the piston 
is called the mean elTcclive pressure. During the pr<icess descrilpcd above, 
we uiusl. of course, overcome the internal friction of the engine. This 
necessitates work, and thi.s work can be relatcfl to pressure per s<|uarc 
inch <»f luslou-arca in tlie same way that tlic llnid pressures are relate<l. 
We then have a means of com|»iiriiig the friction of various engines regard- 
le.ss of their .size, immlier of cylinders or aught else. Frictional losses can 
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2000 R.r.M. 


Fnctinii Mean Effect 

1VC 

TcniTicrainrc'', 

Degrees Fahrenheit 

Prcisitre. Lh i>cr Sq. 

In. 

Oil 

Water 

17 70 


174 

95 

10 65 


170 

115 

16.00 


170 

1.V) 

16.10 


167 

1.17 

tsoo 


165 

141 

15C.0 


16.1 

145 

15 Wi 


161 

145 

17.<KI 


IK2 

A5 

14K0 


mi 

UV) 

14 70 


174 

150 

27 2n 


57 

RO 

24 20 


<i0 

105 

2140 


62 

m 

2100 


6() 

,tono R PM 

120 

Friction Mc;ni ICffrri 

lie 

Tcint*cfjilnpes 

IVgrccs Fahrnilicil 

rrr^sure, l.h ikt Sc| 

III 

Oil 

Water 

200 


IR2 

ii.'; 

7MI 


17^ 

142 

.V.6 


5R 

100 

,tl4 


62 

(12 

,350 


64 

122 


FUEi- coKSUMininx or an Krs'MN(. at kv.m, aku 

VAin iKf; f>!!. AND \VATi:i< TFMrKWATURICS 


f*owrr n< v»*le»f»r<l. h|i 


.140 

4 70 

4.05 

Rr.ikc Mc.m Effective Prr<Mirc. Hi |n*f 

««| in 

1070 

14 70 

I5<i0 

lnthcale<l Mcfin Kffc\lh*c Prrv'.nrc, II » 

j>rr 

Ml. .11 70 

.11 2^1 


Mc.m Temp of Oil ;inil W.ilcr. cKr. 

Falir. 

ion 

12R 

152 

riifl ('<jn^iiiiifitco4i. 11» iitr li lip-lir. 


1050 

I..V4) 

12Rn 

Fuel (*rm''iiinptti»ii. 16 per iltp*hr- 


0.655 

OMO 

0,670 


FUE(, CONSUMITION OF AN KNOfNH Kl'NNIN‘<; AT HKKi I? I’M AND 

A C ONSTANT TMKRMAI. KFril IKNTV 


Mean Temp r»f Oil ainl Walcr. iIck Fahr 

100 

12K 

152 

Fncturri Mean Fffrctice Prc>Mire. 11* per -sq in 

170 

12 5 

102 

(*hise*l-TUrntlie PinnpinR-hp. 

40 

40 

40 

brake Mean KffiHiive i’ressnrt, 11*. |ht in. 

10 7 

147 

156 

Indicated Mean Kffectnr Pre^Mtre. Ih. per Sf[. m 

.11 7 

,11.2 

20R 

Mcclianicnl EffH'ivncy. j>cr cent 

.140 

47.0 

525 


Summing up Mr. T'omeroy state*? that wc ha\e. as hetwcen an cnijinc 
wtirkiuR niulcr cole! aiui hot coiulitKins. that is. over a mean e»il and water 
tetr)i)crature rniy^v of 100 to 150 fkjjrees Fahrenheit, a rcdtirtif)n of 34 4 
per cent in the gasoline fon.sumptinn. as obtained from test-bench experi¬ 
ments un<ler lo.id. a reduction of .35.2 i>cr cent indicated by friction meas¬ 
urements an<l. ill the case of the arinal operation of ati automobile, a reduc¬ 
tion of 33.8 per cent. It is freely fjranicd that these are only isolated 
examples; iievcrlhelcss they bear an uncanny relation to one another an<l 
should not lie di.sinisscd without coinmenl. The variation in Iwdy between 
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a thick and a thin oil at high temperatures may l>c of great iinpcirtance even 
though the viscosity diiTerence may 1>e small. In brief, this small difference 
in viscosity is appropriate to a very large increase in the temperature of 
the heavier oil, since the viscc»sily-tcmpcratitrc curves of oils of greatly 
differing viscosity when cold become nearly parallel to the temperature 
axis. The engineer is. therefore, and nt>l for the first time, cm the horns 
of a dilemma. If he is working for a high efficiency under normal condi¬ 
tions. he is running risks at high temperatures, and vice-versa. 

High Oil Outlet Temperature Not Always a Sign of Trouble.—A mis¬ 
take often made by mechanics and field engineers is that higli oil outlet 
temperature is a sign of trouble or jHMir engine design and this belief is 
fostered hy the instruction given by engine builders in scunc eases. Mr. 
John H. Gcis.se of the Naval Aircraft Factory. Philadeljdiia, Pa., discusses 
ihi.s matter in /Iviit/ioti and is authority for the .statement that not only do 
oil temperatures have different vahie.s in dilTcrcnl engines within a fairly 
wide range but that it may he different in engines of the same make to 
sonic extent without indicating serious trouble. Undijublc<lly, there i.s a 
limit for each installation, but for diiTcreut insiallatious of the same engine, 
or for different engiucs, this limit may be anywhere from 120 degrees Fah¬ 
renheit to 240 degrees Fahrenheit, or even higher. The reason for this wide 
variation in permissible outlet tcmpcrulures is that the outlet temperature 
liear.s mi direct relation to the temperature of the oil in the bearings, or to 
the heat generated in the hearings, the two values that do have a fairly 
tlcfinile permissible inaximnin. The analysis that is presented in the follow¬ 
ing paragraphs is intended to shew why it is such a direct relationship does 
not exist. 

To .simplify the analysis, several assumptums will be made, which 
<leviaie fairly far from actual conditions existing in au engine, but Mr. 
Geissc believes that they will affect only the magnitude of inffucnce of the 
various factors and not the direction of their influence, 'fhe major assnmp- 
ti<m i.s (hat the <ui entering the engine is divided into three distinct channels 
which do not converge until they reach the scavenging pump. One channel 
will lead to the crankjnn Iwaring, and from there to the pistons and cylinder 
walls, and will then contact with a section of the crankcase on its return to 
the scavenge pump. A second channel w*ill lead to (he auxiliary and main 
bearings, and contact with a different section of the ease un its return. The 
third channel will lead through the relief valve and no heat will be added 
to, or subtracted, from this channel. 

When the three channels converge, their temperatures arc equalized 
and the mean thus obtained is the oil outlet tcmperainre. The oil outlet 
temperature can then he set d4»wn iu the following equation: 

To^.W,T, +W,T. + W/r, 

w, + \v, + w, 

in which 

= outlet temperature 
W| ® rate of fiow in channel No, 1 
T| = final outlet temperature channel No. 1 
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Wa— rate oi fl(»w in channel No. 2 

Tjj = final outlet tcni)>craturc channel No. 2 

W;, = ratc of flow in channel No. 3 (relief valve) 

T, — inlet temperature 

Now, let tia consider the heal interchanges in channel No. 1. The rate 
of oil flow through the hearing will not mate rial ly cliangc the friction, so ii 
can be assnined that the amount t»f heat absorbed will be independent of 
oil flr*vv. 'rhis being the ca.se. the temperature of the oil leaving the l>caring 
will be c(Hial to the inlet temperature plus some constant, tlivided by the 
rate of flow. This oil will then strike the cylinder walls and pistons. Here, 
the amount of heal abs<jrl)cd will increase with increase of oil flow at the 
cxi>ense of heat dissijjalcd by the cylinder cooling means. We will make 
n rather Imbl assuinplmn that the temperature <«f the oil leaving these j)art.s 
will hear a defuiite relation to the metal temperature and, therefore, the heat 
units ad<le<l to the oil in unit tune will vary directly with the rate of flow. 
Ill jias^ing over the crankcase wall, a certain amount of heal will be dissl- 
jmted. and the amount will vary a.s the difTcreiicc of the oil temperature 
(as.Miincd ccmstanl) and the outside air temperature, the air vehicity over 
the crankcase, the area weltctl, and the rate of flow. However, in prac¬ 
tically all engines, this lns.s of heat will n<»t equal the gain. It is obvious, 
therefore, that there will be a tonipcrnlurc rise in this channel. 

It should be noted here that the heal generated in the crankpin bearing 
will have very little direct effect on the final heat content in this channel. 
It will, however, have somew hat of an indirect effect, in that the reduction 
in v]sc<jsily of the lul associated with the higher ieiiipcralure in the bear¬ 
ing will increase the rale of flow in this channel and therefore more heal 
u 111 be taken fnnn the pistons. It should alsn be noted that the lenipcratnro 
of the oil in the bearing is lud related directly to the final temperature In 
this channel but does have a fairly close relationship to the oil inlet tern- 
jicTaturc. 

Next con.sider the oil in the .second channel. It likewise receives a 
definite amount of heat from the iKarings. and the temperature leaving the 
bearing.s will be equal to the oil inlet tein|»erature jdus a coiislant dividol 
by the rale of flow. This iill in passing over the crankcase will lose an 
amount of heat pro|>ortioual to the difference in the Icnijieraturc of the 
oil an<l the air, the welled area, the air velocity, and the rate <d oil flow. 
In any engine operating with no final increase in oil teniperature. it is 
apparent that this oil must accomplish a total di.ssipation of heat equal to 
the amount addc<l to the oil m the first channel, since the oil in the third 
channel hn.s no beat interchange. 

Now' let us ccmsidcr the effect of various variables on the oil outlet 
tenijicrature and the temperature rise. An increase in the rale of flow 
through the relief valve, without any other change, will reduce the outlet 
tcnijieraturc without altering the tcmi*crntnre at the bearings. Thi.s is an 
imporianl item. ICngines having n low* oil flow' thnntgh the relief valve, 
such as the Kiberty, will have a greater oil temperature rise than engines 
like the Wright 1M. having a much larger relief flow, other things being 
equal. I’jigines like the LcMlond. in which the oil from the relief valve 
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^oes back t<) the suction side of the pressure pump, giving no oil in 
channel No. .1, will have a greater temjierature rise than will a Wright 
"Whirlwind,** if other factors are alike. It is quite Ap)>nrcnt then, that 
these engines will all require different temperatures of the oil outlet in 
Mfder to secure the same temperature at the bearings. 

Again let us assume two air-cooled engines alike in all respects, includ¬ 
ing total rate of oil Ini I with a different ratii» of flows in channels No, 

1 and No. 2. That one, having the greatest flow through channel No. 2 will 
.have a lower tem|>eratnrc rise because channel No. 2 lends to tlissi]jate 

lieat and channel No. 1 to absorb heat. This is an item worthy <d special 
consideration. In most installations of air-cooled engines, it is desirable to 
avoid the necessity of an oil cooler, dejiemling on the rndiatuMi from the 
engine ami tank to dissipate nil of the hent. It is (|uite possible, that in 
cases where this has md been achieved, that a slight change in the oil 
system of (he engine allowing a greater flow to the access<jry drives would 
have accomjilishc<l the desired result. It is also ^Kissihle that oil tempera¬ 
ture regulation in air-cooled engines might l>e secured by regulation <d the 
(low in the second channel, thus making adjustable cowling unnecessary. 

Another pfjint of interest in this division of flow is in the effect of 
<l('t<‘naliim. Mr. (kdsse is inclined tt» Indievc that the oil temperature is 
Miinetimes used ns a guide in the choice of fuels (or air-cooleci engines. 
If this is the case, it is evident that that engine having the greatest flow to 
the pi.ston.s and cylinders will show the greatest increase in oil tctnjicratures 
due to detonatiim and may possibly be considered as more inclined to 
detonation than an engine less sensitive. On the other hand the engine hav¬ 
ing the least sensitivity may be abused by the use of a fuel causing con¬ 
siderable detonation. 

Now let us consider changes that may occur in an engine in service, 
(n an air-cooled engine installation having no i»il c<ioIct. or other means of 
oil temperature regulation, an increase in bearing clearances in channel No. 

2 will result in a decrease in oil lem|>eraturc. An increase in the connect- 
ing-ro<l bearing clearance will result in just the oi>posite effect as explained 
in a preceding paragraph. An increase in oil pressure will increase the 
rate of fliov iii both channels No. 1 and No. 2. The result may be an 
increase, ora decrease, in leiiiperalitre rise. To determine which would be 
the case, would require a closer analysis of the heat exchanges in these 
channels than Mr. Geissc has made. In watcr-cinded engines, it would 
without question result in an increase, the extent of change being dependent 
on the relative amount of heat normally taken from the bearings and the 
]>isions. A decrease in viscosity of oil used will act in the same way as a 
change in pressure. 

In engines in which the oil from the relief valve is led to the inlet of 
the pressure pump, it is quite t>ossible that t<H) low an inlet temperature 
will result in loo high an outlet temperature. 'I'his may occur also in 
engines having pumps, whc»se capacity varies considerably with viscosity 
and pressure head, lii either case, the decrease in (Imv will result in a 
decrease in total heat taken from the engine. If this decrease is not suffi¬ 
cient to compensate for the lower flow rate, there will be of necessity an 
increase in tem]KTaturc rise. If the increase of temj>craiurc rise is mr»rc 
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than sufficient to balance the decrease in inlet temperature, then it readily 
will he seen that the outlet temperature will increase as the inlet tempera¬ 
ture is decreased. 

Mr. Gcisse stairs that although his article has been drafted to show 
that the temperature of the oil at the bearings does not have a definite 
relation to oil ouilct temperature, he does not contend that the outlet 
temperature has iir» significance. It has, very definitely, but not as much 
as some opcratf>rs are inclined to Iwlieve and variations in it must be 
analyzed much more ihonuighly than has l>een generally done. A thorough 
analysis may save a considerable amount <»f work and worry for operators 
of aircraft engines and a inecltanic familiar with one engine should not 
judge aiiollicr because its oil letn)»cratiire is higher or biwer in value than 
he is familiar with. He sluuild get the information regarding oil tempera* 
ture and prcs.sures from authi»ritativc sources. 

Oil Temperature Control Not the Only Solution.—Mr. A. Ludlow 
Clayden, M..S.A.E., in di.<cussing the remarks of Mr. Pomeroy brought out 
the fact that internal-combustion engine endurance and reliability depends 
so largely up<m proper lubrication that the efforts of aviation engine de¬ 
signers to secure positive circulation of oil at the l>vst temperature is highly 
commendable and that equal attention should be given to supplying only 
clean oil. With proiier Inbricalion the life of the average engine would be 
dtmbled an<l proliably <|uadnijded. I>ecause under the usual cimditions the 
engine is lubricated only a |mrt id the time. The function of the lubricant 
is not to take the place of cast iron, to make an octagonal bearing nuind, or 
to force its way tu the right s|K)t against resi.slancc. Too great stress is laid 
on design; when cylinders are round and pisloii-riiigs fit perfectly, the 
amount of dilution is negligible, unless the iiiauir<dd system is below the 
average. The (unction of oil is to |>rovide a film \i\>on which the piston 
and pistou-riugs may slide, nut tu prevent the escape of expanding gases 
by blocking up the cracks in the cylinder. 

Not lung ago the thcrnu^static control of water temperature was very 
important from the carburctiim vicwjKunt; with modern manifolds it is 
much less important. Various authorities have brought out very clearly 
the substantial advantages that could be derived from the thermostatic 
control of <iil tcmiKTaturc. Such cmiirol could consist of arranging either 
to heat oil in cold weather, or to cool it under summer conditions, or pos¬ 
sibly a combination of the two. Oil-coolers are difficult things to construct. 
When anything like an ordinary radiator is used, the effect on the hut oil 
is to chill the film in direct contact with the surface that by its high viscos¬ 
ity an<l poor conductivity interferes very seriously with the cooling effici¬ 
ency of a radiator. Heating it. on the other hand, is much easier to accom¬ 
plish. The use of a comparatively heavy oil intended to be operated warm 
as compared with a comparatively thin oil intended to be operated cool, is 
that the accumulation <d fuel will be less rapid in the former case. 

The oil industry is now asked to pro<luce lubricants that will work 
equally well hot or cold, pure or diluted, clean or dirty, evidently a some¬ 
what difficult task. The first step is to produce engines that do not con¬ 
taminate the oil with other fluids or solids. When this desirable stage of 
development has been reached, it will prol)a1)Iy 1>e jMtssible to obtain enough 
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public interest so that lines of real research may be followed. Every en¬ 
gine manufacturer’s instruction-book attempts to dodge this question, 
staling merely that oil should Iw changed at some definite mileage in the 
case of automobiles and after certain flying time in aviation engine!>. 
I'll ere are two objections to this method of dealing with the subject, the 
first being that the user docs not always obey the instructions. It would 
be very surprising if he did, consHlcring that nic»rc than 99 per cent of tin* 
automobile engines arc designed So that it is imj)r»ssiblc if* drain the old oil 
withmit somebody's gelting extremely dirty. Secondly, such draining verv 
rarely removes nir»rc than one-half the accumulated s<dids that lie in the 
(dl-]ian. sump or crankcase and immediately contaminate the new oil which 
even frccpienl drainage, as in aviation engines, does not help matcriallv 
to kccji absolutely clean. 

Hispano-Suiza Oil Cooling System.—Realizing the importance of main¬ 
taining the Uibneating oil ui Ihe lenipcrnture llial will best insure proper 
viscosity, engineer.s recointnenil that <»il radint<»rs or coolers be used in 
warm weather and tiil beaters in cold weather, 'fhe a]iplicati<m of an oil 
radiat(»r or c«Kder which is scpar.iie from the oil supply tank i.s shown at 
Fig, 221 A ns recominende<l by the 1 lisijano-Suiza engineers. The use of 
a ccmibined oil supjily tank and radiator is shown at Fig^ 221 H. It will 
be observed that the pipes carrying the scaveuge<l <mI discharge into the 
space Hi the lH»tloin of the tank and all oil must jiass over the air-coolcd 
surface bcf<»rc flowing Kaek into the .supply pnrli<ju of the reservoir from 
which it i.s drawn liy Ihe snclion The tank is divided into two com¬ 

partments by a partition pintc. 

Wright Oil Temperature Control System—I'ailnres of the lubricating 
system have caused the loss of hundreds of v.ilu.ilile aviation engines, 
severe <laniag‘e to the .atriilanes in which they ncre installed an<l have <ifleii 
place<l the airjdane personnel in great dangler, 'rhesc failures have fre- 
tjuently resulted from a lack of jimpcr control of the oil temperature. 
that the oil cither l>ecanfc ton cold to flow into the engine fast enemgh to 
give snfTicient oil )>Tessnre. nr else became so hot as to lose its effectiveness 
as a lubricant. Trouble due to cold nil has generally occurred in .starting 
the engine in cold weather, and the usual means of overcoming it ha.s been 
to drain the oil from the tank, heat it over a stove, and pour it back, an 
operation which is always inconvenient, and often impracticable. To keep 
the nil from becoinmg t<Ki hot. air-c«>oled oil ra<liators or water pipes in 
the oil tank have lieen used, but these have iiot Iwen entirely satisfactory. 
After a )<»ijg series of cx]>cnmcnts. Iwith in the dynamometer room and on 
airplanes in the field, the engineering department has developed an oil 
tcni|>craturc regulator, which heals the oil rapidly in starting, and then 
hobls its temjicraliire nl the proper point for good lubrication. Tests have 
demonstrated the effectiveness of this svsteni both in hot and cold weather. 

Although designed iirimarily for the control <d oil temperature, this 
system has proved succe.ssful in the control of water temperature. In actual 
service it has reijl.iced r.adiaior shulter contnd with a rcsuUaut improve¬ 
ment in airplane performance, due to the elimination of the head resistance 
of the radiati>r shutters. An inst.nncc of this improved performance was 
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reported during the trials of the Navy SCI Torpedo Scouting planes. 
These planes are htted with particularly large radiators nn<l it was found 
that with tlic shutters rh»scd fi»r cold weather cjperathui, the cl4>sed sliul- 
ters gave consicleraMe drag. Thi.s was «»verctuiie hy leaving the shutters 
open, using an antifreestiug mixture and controlling the water temperature 
by the manually operated bypass which is a part of the Wright Oil Tem¬ 
perature CinUrol System, With the shutters wide ojKni, the pilot was 
rhlc to control the tcnijieraturc of the oil and water at will and tlie ceiling 
of the airplane was greatly inipnwed. Acting on tlic evidence of lliese 



Fig. 222.^0ihCooling System Employed in Connection with Wright Water-Cooled 

Engines Utilizes Water Circulation of Engine. 

trials the radiati»r shutters i»u these planes were reincoed; since the ojjera- 
tion of the liypass valve is just as simple as the ot>eration of the radiator 
shutters ancl ha.s tl»e advantage of giving !>etler perfi»riiiaiu*e. A summary 
of the a<lvantages fcdlows: 

<I) Sufficient oil pressure in starting to citahk* the engine to he idled 
.safely, even in cold weather with cold oil. 

f2) ImiII oil pressure in five Xtt eight minutes, starling with cold oil. 

(.f > Keductiim in time re<|uire<l to warm engine. 

(4) Maintenance of oil teni]>eratiirc at |>roper iMont both in hot and cold 
weather. 

f5) iClinitnation of neces.sfty of draining oil tank lA'crnight in cold 
weather. 

('6) Kase nf installation. 

(7) Flexibility in design, allowing its use in airplanes already huill. 

(8) Simplicity in operation. 

(9) Kconomy in oil. 

(10) ITotcction of engine, airplane and personnel from a frecpient and 
dangerous source of trmihle. 

(11) Correct engineering principles f<»r inaximum heal transfer per 
square foot of ccMiling .surface. 
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(12) Eliminates necessity for pre-heating oil. 

(1.1) F^cilitates heating water in cold weather. 

The Wright Oil Temi>eratiirc Control System consists of a heat trans¬ 
fer unit or oil cooler shown at Fig. 222 A, a three-way valve (marked 
operated either hy hand or hy a thermostat, and the necessary water and 
oil piping. The heat transfer unit consists of a nest of thin copper tubes, 
with a shell and headers so arranged that the oil flows through the tubes, 
and the engine cooling water flow's through the space between them. In 
this way the more vLkcous li(|uid has the path of lower resistance, and 
obstruction of oildow is avoided. The headers arc of cast aluminum alloy 
and arc readily removable, and the whnic unit i.s designed w'ith ample 
strength to prevent distortion or leaks under service pressures. All the 
oil and water pans through the heat transfer unit at all times. The three- 
way valve controls a by)>ass around the main water radiator, so no water 
DHsscs llirtmgh the nubalor until the water temperature has risen to its 
normal operating value. In this way the water temperature rises rapidly 
in starting and llic oil is <|nickly warmed. When normal o|>crating con¬ 
ditions arc reachetl. the water keej>s the i>il cool. It is made in two sizes, 
one for engines ranging from 4tX) to 650 horsepower, the other for a range 
of 6.S0 to 750 liorso|>i)wcr. The diineiisiims and weights are: 


400AS0 H.P. UNIT 
Overall (limptisiMit:^—l.r x I2W' x 
S\zc of oil connedk>iix—«'I* pijic tap. 

Si^e of water connections— 2" oiii^itlc iliam. 
Weiglit, empty— 2S pouiuK 
Weight of coniaincti water—lOK* ponniK. 
Weight nf cnntame<t oil^l2l^ t*^iimls. 
Cooling surface—32 sq. ft. 

5-pass, giving cttnivaleiil tube leogtii 4S*. 


650.750 H P. UNIT 
Overall dimenooiift—13^* x 13" x 
Sire of oil connections—pipe tap 
Si^c nf water cmmcctions-'^*' mitside diani. 

Weight. empty«*3l pouinh. 

Weight of cnntainc<l water—14'/^ pnimcN. 
Weight of ixmtaiiied oil—13 ptiundv 
Cooling surface—50 .iq. ft 
5*pass, giving eq^tivalrni tube length 45”. 


(a) Acting as a cooler, the 4(X) to 650 horsepower regulator is guaran¬ 
teed to cool 5.5 gallons uf oil \Hir minute through twenty degrees Fahren¬ 
heit when supplied with 70 gallons of water per minute and when the 
temperature of the <nl entering the cooler is not les.s than .^5 degrees 
Fahrenheit aliovc Uu* temperature of the tvater entering the cooler. 

(b) Acting as a hcjitcr. the 400 to 650 horsepower regulator is giiaran- 
tced to heat 5.5 gallons of oil per minute through twenty degrees h'shren- 
heit when .siipi)lied with 70 galhms of water per mimite. provided the 
temperature of the oil rnleritig the heater is at least 40 degrees Fahrenheit 
lower than the temperature of the water entering the heater. 


Wright T-3 Engine. 1.047 
eu. in. dispUcenient. 

Average at l.BOO r. p m., 
fxill throttle, 575 H.P. 

Waterflow. 70 g^ls. per 
min. 

Oilflew, 5.5 gals, per min. 


EXAMH-E AS COOLER 

Actual 

Outlet water temperature, 
180* F. 

Inlet water temperature, 
150* F. 

Inlet nil temperature, 160" 

K. 

Outlet oil temperature, IftO" 
F. 


Average oil pressure drop 
through nil radiator 0.3 
lbs. per sq. in. 

Average oil pressure in ra¬ 
diator : 

Inlet 3.3 Ibx. per sq. in. 
Outlet 3.0 Ihs. per sq. in. 
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The following data was obtained during three ground tests of planes 
equipped with the 400650 horse|x>wer oil temperature regulator: 

tlXAMPLES AS HEATER 
Aclonl Testv on Three Different Planes 

Oil Temp, at 

TiMir Kc(]iiin'il Time Rcqnirrd Instant Full 
Air Oil Temp- io Ohiaiii IiiIimI in OMaiii Full OU Prewurc 
Temp. At Sun Oi! ProMire Oil Pressure was Rep’t'd 
45* K. 5R* K. than I min 6 min. 72* F. 

4(1* I*'. 45* K Lt'ss Ilian I mm. 8 min. 102* K. 

44* F. 60* F. lu^nmMiHtnisly S min. S7* F. 



Section, Front End 

Fig. 223^Detailed Views of Oil-Cooler of Some of the Packard Inverted Aircraft 

Engines. 

Packard Oil Radiator.—Ever since the development of the water-cooled 
airplane engine with dry sump type of liihricHtion. defects in external oil 
lines, radiators, and tanks have been prime causes of engine troubles, 
resulting in forced landings. To eliminate these cause.s of Irouhle and thus 
make the aircraft engine more reliable an intercsling self-contained oil 
cooler and reservoir has been developed by the Packarti Motor Car Co., 
and was described and illustrated in Aufotnothc Industries. 

The new construction has been applied to the J’ackard 1,500 inverted 
aircraft engine, it consists of a false lop bir the crankcase. Above this 
false top there is an Sj/J-gallon oil reservoir. Jn.side this reservoir is a group 
of sherardized steel tubes longitudinally extending through it as shown 
at Fig. 223 which are fed from a main header at the acce.ssories end of the 
engine. These tul>cs have holes drilleil thr<»ngh their wall on top. Oil 
under pressure is forced into these tulws by ihe oil pump usually used to 
force oil through the oil radiator. The oil foned through the small holes 
in the top of the pij>C5 is sprayed against the top of the oil reservoir, which 
is a finned aluminum alloy casting. 

These fins project above the engine and take the place of the cowling 
formerly used with this type of engine. While the overall height of the 


Dtte 

Jan. 4. 1924 
Jan. 24, 1924 
Mar. 10. 1924 
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engine has been raised slightly thrfiugh tlu* addition of the false top to 
the crankcase and the hns. the aclditicmal drag is m<»rc than offset hy the 
elimination of the oil radiaU»r. The jjnly external oil lines used are those 
from the pump to the oil pipe header. An internal standpipe has been 
included in the new design to take care of the overflow from the oil 
reservoir, this standpipe draining such oil u> the timing gear case, which 
is capable of holding an additional 2^ gallons. A substantial saving in 
weight has also been uchirved in this new design as compared with the 
previou.s engine with external i>il snpply system inchided. 



Fig. 323A.~Vickers-Potts OU Cooling Uiut. 


The Vickers-Polts Oil Cooler—In mo<|ern high-si^ccd aircraft, with 
their high-p<)\vercd engines cowled in as imich as p<»ssihle, the heat which 
is imparted to the liihncnting oil during its jias.sagc through the engine 
can not readily he radiated from the crankcase—a system of cooling that 
gave more or less satisfactory results m the iiasl. To<iay. therefore, it 
becomes necesarv' to seek some other means for retlucing the temperature 
of the oil behire it makes its journey through the engine and a number of 
such devices are descrihcil in this treatise. The usual method of doing 
this is to insert a special oil ctKiler in the ])ipc line between the engine 
scavenger pump and the oil tank. Such a device ts the Vickers-Potts oil 
cooler, which forms the .subject of the accompanying notes and illustrations, 
and which manufactured by Vickers, Ltd., of Vickers* House, Broadway, 
Wcslminisicr, S.VV.l., England. 
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The Vickers-Potts oil ojuler—which is used extensively on machines 
of the Royal Air Force—is a standardized unit of comparatively low aero- 
ilyuatnic resistance, and can therefore he jilaced in the slipstream of the air 
screw or other Cimvenieiil place, on practically every tyiic of aircraft. It 
consists u( a scries of hollow Hns threaded on tw(» tuhes. ihroufth which the 
oil passes on its way fmm the cnijinc to the oil tank. 1 hese fins are 
arran|»cd for series flow, i.e., tlirtmtfh each fin or element in turn. A bypass 
valve is inserted between the inlet and outlet pipes, to provide an alternative 
path for the iiil when starting fniin cold, and also Ut prevent excessive 
j»ressures the fins. 'Hie internal c*nislrnclioii of the Cisdinj; element 



Fig. a23B.~Method pf Installing a Vickers-Potts Oil Cooling Unit on the Side of the 

Fuselage. 

is such that the oil is e\jxi>etl in thin layers to the cold surface <)f the fins, 
while spacers between the fins break up the fli)w of oil by eddyinjy. there¬ 
by causing a rapid transfer of heat. The external space between the fins— 
which is increased by the local flattening of the latler-^-cnaides the air to 
j>ass freely between them without causing undue drag. 

These fins arc all tif standard dimensions, so that any number may be 
emi)loyed from five to eleven fins, to suit all engines, from 250 horsejwwer 
to 800 horscptiwer. aiul to meet the various re<]uircnjents. Standard coolers 
are made with five, .seven ami eleven fin.s to cover this range. 1 he coiding 
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surface per fin is approximately 145 square inches (930 square cubic 
millimeters), and the re<luction of temperature of the oil in passing through 
one fin is from one degree to six degrees Centigrade, according to the rate 
of flow and the temperature of the air; the complete unit should permit 
oil being returned to the engine at a temperature of 70 degrees Centigrade. 
The conqdete svcighis, and the drag at 100 m.p.h. (air flow along major 
axis of fins) of the various units arc us follows:—five-fin unit, weight 9,75 



CM pump drive 


Triple oil pump^ 
of gear type ' 


Triple outlet 
carPuretor 


Flanged alloy head 


Steel cylinder 


Oil reservoir 


Induction pipe 


Miiture pipes 


Oil cooler surrounding 
fuel mixture 
supply chamber btA 
distinct from iL 


224.^Dimfrem Showing Location and Method of Drive of Oil Rumps of the 
Wright “Whirlwind** Motor, and Uae of Jacketed Induction Manifold for Cooling OU< 
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pounds, (4.4 kgs.); drag, 1.16 horsepower; seven-fin unit, 11.75 pounds, 
(5.3 kgs.); 1.46 horsepower; nine-fin unit, fourleen pounds, (6.35 kgs.), 
1.79 horsepower; eleven-fin unit, 16.5 pounds, (7.5 kgs.), 2.1 horsepower. 
This cooler measures approximately one foot four inches in length by four 
and one-half inches wide, and projects from the fuselage, etc., from about 
five inches in the five-fin unit, to about nine and thrcc-(juartcr inches in 
the elcven-fin unit. The construction <»f the five section ciudcr is shown 
at Fig. 22.1 A and its installation at the sble of the fuselage where it pro¬ 
jects into the air stream is shown at b'ig. 223 U. 

Oil Cooling by Intake Gas.—In air-cooled radial engines the problem 
resolves itself into that of co<»ling the lubricating cdl ns llic liiglicr opcr<atiug 
temperatures atui the rapid atiainuieul of elVicient operating temperatures 
soon after starting do not call f(»r <»i] heating means a.s may be necessary 
with water<oolcd enginc.s. As authr^rliics recommend that a start in cold 
weather be made only with a fresh charge id heated oil, the system having 
ficen drained when the engine was stopped previously, it will be evident 
that preheated oil is available at omc and a very few minutes engine <ipcr- 
ating time suffices to thoroughly heat all parts of the mechanism. Satis- 
hetory oil c<H)ling may Iw obtained by surrounding the mixture header or 
induction manibild with a jacket through which the nil is circulated as 
shown in Figs. 208 and 224 which rnitline the method of <u] cooling and 
mixture heating use<! by the Wright engineers for Whirlwind engines. 
Considerable heat will be absorbed from the oil by the vaporization of the 
liftui<l particles of fuel in the air passing through the carburetor, because 
vaporization has a refrigerating action. 

Ball and Roller Bearings Have Little Friction.—It is for this reason 
that many engineers use anli-friction bearings of the hall nr roller types in 
important and heavily loaded bearing pidnt.s td aviation engines. The 
diagram at Fig. 225 shows a bmgitiulinal sectional view of the Napicr- 
Lion twelve-cylinder W ty|>c w.itcr-c<K»lcd engine. This is useful in show¬ 
ing the engine oiling system as well as the applicatifin of roller bearings to 
the engine crankshaft. Five anti-friction l>carings carry the main loads and 
while supplementary plain bearings arc carried at the ends of the shaft, 
their function is prim.arily that of oil distributing and vibration dampening 
members as the roller bearings have more than ample capacity to carry 
the loads produced by the explosions. The propeller shaft drive is by gear¬ 
ing and ibis shaft is also supjKirlH by roller hearings to resist radial loads 
and a ball thrust Iwaring to resist the reaction cd the proiieller pull. Anti¬ 
friction bearings are also widely employed in radial cylinder engines, in 
some applications they are mounted even in the crankpiu cud oi the master 
rod as in Siemans-Halske engines. 

In the oiMubricatecl journal-bearing lower running friction coefficients 
can l)e obtained, under certain conditions, than can be found in the best 
of ball-bearings. The friction in an oil-lubricated journal at starting, 
before the complete film is formed, is very high, running up to fifteen or 
twenty per cent. But after the start the friction falls off very rapidly, and 
the coefficient for moderate speed falls very low, below that of ball- or 
roller-bearings. As the speed is further increased, the journal-bearing 
friction increases more rapidly than that of hall-liearingK, s<ion e<|ualing it 
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and then going higher. The durability of the oil-film journal-bearing at 
high speed is said to offset any disadvanUge due to higher friction but it 
has been the writer's experience. 1>ascd on the oversight of several thousan<l 
engines operated under service conditions during the World War. these 
using both plain journals and anti-friction T>earings, that the latter last 
longer than plain l>cariitgs do in similar applications and are more easily 
serviced in the rare instances where they gave trouble. 
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Fig. 225.—Sectional Diagram Showing Napier-Lion Aviation Engine with Interna) 
Oil Piping and the Use of Anti-Friction Bearings for Crankahaft Support. 


Mention has iK^rn made of oil viscosity, showing that it is a direct factor 
in the friction of jonriml-boarings, 'rhere lias I»ccn much sj>cculation as to 
how thin the oil-film can Ik* aiul haM* the frictional resistance li> rotation 
still follow the direct facltirial relnlioii sel forth by Kingsimry. In 1901 Mr. 
Kingsbury mcasnri‘<l the friction of <>il-films in his Taper-Plug Viscosi¬ 
meter and f<nunl that, at constant icnijHTaturc and sjiccd. the friction was 
inversely projiorlional to the film lliicknc.ss d«>wn Ut the least thickness 
that he could measure. ^Y|iich wa.*' alwnl O.OOf)02.S inch. The law was 
followed quite definitely for thicknr>s variations of O.OCKXK)! inch. To 
measure such small amounts seems almost incredible. The plug was sup¬ 
ported on the point of a screw to which was fastcncti a long lever whose 
outer end, when nioveil just a liUlc, would ransc the film t<* increase or 
decrease by increments of 0.0(KX)01 inch, (erne millionlh of an inch). 
These thickness variations produced a corresponding fall or rise in the 
friction. The results when plotted fell almost ex«aclly on a fair curve. 
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Fig. 226.^0perating Temperature of Automotive Engine Parts Uaeful as a Guide 
to Understand How Some Parts of Airplane Powerplants Heat Up More than Others. 

QUFSTIUNS FOR REVIEW 

I. Why do airiTafi vii^:iiu*s a difTicnh lubrimtiim pnddcuP 

2. What IS tlic cffcrt ol varvinj( hearing ilcanincr on luhncalion oi engines? 

3 Describe oiling system of WaNjj engines. 

4. Outline niethrKl of oilniK “Whirlwiwr* engines. 

5 Dvsenhe Lihcrty-12 oiliiii: system, 

{) Hou are An/ani engines oiled' 

7. What factor> control oil piinip cITicienry*^ 

8. What Is the leniiHTalure elTecl on |Hi\vvr delivery*' 

Descrihe tir.iclieal inclInKls of i»il leniiKTatnre control. 

10. Is high oil teni]ieratnrc alw4iys a Ntgn of iri'iihle? 
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AIRCRAFT ENGINE COOLING SYSTEMS 

Why Cooling Systems Are Neeesssry^Temperaturc of Engine Part^^Alr•Cooled 
Engine Tempereturo—Reducing Back Pressure—Air-Cooled Engine Development 
—Air-Cooling Efficiency—Radial Cylinder Placing Ideal for Air-Cooling—Vee 
Type Air-Cooled Engines—Limitationa to Air-Cooling Possible—High Engine 
Speeds Favor Water-Cooling—Cooling Syttemi Generally Applied—Cooling by 
Positive Water Circulation—Water Circulation by Natural System—Radiator 
Location—Resistance of Radiatera—Direct Air-Cooling Methoda—Air-Cooled 
Engine Design ConeideratiMS—Air-CooUng Pennita Imporunt Weight Saving— 
Experience of U. S. Navy with Air-Cooling—Air-Cooled Engines in Pursuit 
Planes. 

The reader should umlcrstatul frr»m precediiij» chapters that the power 
of an intcrnal-conthuslinii tiinii»r is tditaincd Uy the rapul cinnbustlon 
and conse([iicut expansi(»n of Si>me indatiimahlc The operation in 

brief is that when air or any other Ras or va|>or is heated, il will expand 
and that If this is confined in a sj»at e which will not permit expansion, 
pressure will he cxertetl against all sides tif the containing chamljer. The 
more a gas is healed, the more pressure it will exert u|Mm the walls of the 
combustion-chanihcr in which it is confined. Pressure in a gas may be 
created by increasing its temperature and inversely heat may be created by 
pressure. When a gas is coin])resscd its total volume is reduced and the 
temperature is augmented. 

Why Cooling Systems Are Necessary.—The efficiency of any form of 
heat engine is determined by the jM>wer obtained from a certain fuel con¬ 
sumption. A definite amount of energy will be liberated in the f<jrm of 
heat when a p(»und tif any fuel is hiirncd. The efliciency of any heat engine 
is proportional t<j the power developed from a definite cfnanlity of fuel with 
the least h>ss of thermal uniis. If the greater prnj)orti<*n of the heat units 
derived by burning the explosive mixture could Iw utilized in doing useful 
work, the cflicivncy of the gasoline engine would l>e much greater than that 
of any other form of generating tH>wer by ccnnbu.stUm. 'fhere is a great 
loss of heal fr«im various causes, aimmg which can be cited the reduction 
of ])ressurc through ettoling the motor and the ti»ss of heat through the 
exhaust valves when the burned gjises arc exiK*lle<l from the cylinder. 

The loss through ihe water jacket of the average internal-combustion 
automotive powcrjdaiit is over 50 per cent of the total fuel efficiency. This 
means that nu»re than half id the heat units available f<»r |H»wer arc absorbed 
an<l dissipated by the c<M>ling water. Another sixteen per cent is lost 
through llie e.xliHUSt and los than per cent of the heat units do use¬ 

ful work because there are other losses to l>c considered as well. The great 
loss of heat through the cooling systems cannot be avoided, as some method 
must be provided to keep the temperature of the engine within proper 
boumis. It is apparent that the r«ipid combustion and c<mtinued series of 
explosions would soon heat the metal (Hirtions of the engine to a red heat 
if some means were not taken u* conduct much uf this heat away. The 
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high temperature of the parU would burn the lubricating oil. even that of 
the best quality, and the piston and rings would expand to such a degree, 
especially when deprived of oil, that they would seize in the cylinder. This 
would score the walls, and the friction which ensued would bind the parts 
so tightly that the piston would stick, bearings would he burned out. the 
valves would warp, and the engine would soon l)ec<mie inoperative. 

Temperature of Engine Parts.—The best temperature to secure efficient 
operation is one on which considerable dilTerence of opinion exists among 
engineers. The fact that the efficiency of an engine is dependent upon the 
ratio of licat converted into useful w(»rk ccunj)arcd to that generated hy the 
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Pig. 227.—Cylinder and Fin Temperature in an Air-Cooled Automobile Engine. All 
Meaturemenis are in Degree* Fahrenheit, and Were Made at Wide Open Throttle 
with No Auxiliary Cooling at Speed* Ranging from 500 to 2.500 R.P.M. Temperatures 
Were Obtained by Thermo-Couple* and Potentiometer Syatem. Note that in Ev«ry 
Ca*e the Hotteat Point wa* Between the Sparkplug and the Exhauit Valve. 


explosion of the gas is an accepted fact. It is very important that the 
engine «liould not get too hot. and on the other hand it is equally vital that 
the cylinders be not n>ljl)cd of Uh» much heat. The object of cylinder cool¬ 
ing is to keep the temperature of the cylinder l>clcivv the danger point, but 
at the same time U> have it as high as pt>ssihlc to secure maximum power 
from the gas burned. The usual operating temperatures of a water- 
cuoled autt^mobilc engine are shown at Fig. 2J6. and this can be taken as 
an appri^ximalion of the temperatures apt to exist in an airplane engine 
of conventional design as well when at ground level or not very high in 
the air. The newer very high compression airplane engines in which com¬ 
pressions of six or seven atmospheres are usH, or about 125 pounds per 
square inch, will run considerably hotter than the temperatures indicated. 

Excessive Imck-prcssure in exhaust-manifolds and mulflera is a fault 
to be found in many modern motor cars. Resultant overheating of engines, 
valves and pistons may cause serious trf>ublc which can be avoided with a 
little study, according to C. P. Grimes, research engineer of the H. H. 
Franklin Mfg. Co. Mr. Grimes gave an extremely interesting talk before 
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the Infliana Section of the S. A. E.. presenting in an informal way many 
practical <ievelopments and conclitsitins l>aMHl on cxi)criiiients in the Frank¬ 
lin laboralorics. Engine-testing procedure has been placed on a scientific 
plane in ihc Fninklln cx[>erinie>ilnl shojis. Ilefure sUirling a lest, the engine 
is lc*rn down and inspected ihorunghly to sec that the dimensions and the 
tolerancc.s confi»Tni wilh the drawings. After reassenihling, the engine is 
run for a few days to overcome initial tightness and any excessive friction, 
(’ojnImstiolwhutniHTs arc each checkc<l for ciihical contents hy measuring 
the amount oil that can l>e hehl tn each. 'Phe ctunpressiou is checked 
with an O'Kill iiulicntor. A neon-filled tuln; is so arranged in the ignition 
circuit that it project.^ a stH»t of light <»n(o a polishe<l brass disc which 
rotates <in the crankshaft and t)uis the spark-timing can he chccketl accu¬ 
rately and visibly. Mr. (Crimes emt>hasixed .strongly the value of the LcchIs 

N<jrlhrut» potentiometer in engine testing, saying that he could not 
satisfactory work without it. As an indicali<m oi the e.xtreme care taken 
tu secure accurate results. Mr. Grimes cited that friclimi tests of the engine 
arc taken fre<|nently throughout the period id auy run to he sure that wear 
(»r improper luhncaii<m has not introduced an crr<ir that might lead to 
wrong conclusions. 

Air-Cooled Engine Temperatures.—In the development and rermement 
r>f air-cinile<l engines, the Franklin nrgani;taiion has made many measure- 
nienls of air and engine tcnii>eratures. 'Phe temperatures ]jrc\ailing iu the 
flywheel fan design of engine are shown diagram mat ically in I'ig. 227. 
Mr. Grimes called attention the fact that there is a c«msiderahle rise in 
lcinj>eraturc of the air lK*tween the |«»ims where it enters the cylinder 
fills and where it leaves thetii. This temperature rise is from lwc» to throe 
limes that elTected when air passes through the average radiator of a 
water-coole<l engine. 'Phis lH*tler i‘erh»rmanec is due to the use of an 
efficient cxhaust-faii and h'lnsing as opposed (o the cnstiunary blade fan 
blanketed behind a ra<Uali»r an<l in fnnit of the cylinder block. Scientific 
design has reiluced the tmwer consumjition of the cc^ollng fan to 0.^2 
hc»rsei)ower at ten iii.ph. and \.X) horsctsnver at 30 m-ji.h, (In air-coolcd 
aviation engines there is no |»ower loss <luc to fan or blower because the 
propeller .slijistream is utilized in cooling the cylinders which project into 


the air stream.) 

KfTorls lc» reduce engine lemjjcratures U* a minimum led the Franklin 
engineers to invc'^tigalc the cfTcct <if exhaust baek-iircssurc. It was foutnl 
that the dual lv|»e ui c\haust-iuanif<ild was of material advantage in reduc¬ 
ing back-])ressnre. but even more cfTtvlivc means were developed. Each 
drop in back-pressure cfTeeled an increase in torque and power. Engine 
t€inj>crature.s were reduced malerially. Mr. Grimes sai<l that some cars 
arc produced today with manifolds that cause a back-pressure of from eight 
to fourteen inches of mercury. The ])rcscnt Franklin design reduces back¬ 
pressure to two inches of mercury, and maximum exhaust gas temperatures 
have dropped fnnn 520 to 2fi) degrees Fahrenheit. Stoves for heating 
intake air must be increased tn size with each reduction in hack-pressure 
since the exhaust is running cooler. This matter is of intere.st at a time 
when aviation engineers are cxiierimenting to provide effective manifolds 
and mufflers for aircraft engines. 
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Reducing Beck^Preseure.—Properly designed exhaust rings or collect¬ 
ing manifolds are a material factor in the elimination of hack-pressure as 
well as silencing the exhaust. Strange as it may seem, ex]>criments made 
some years ago served to indicale that the exhaust thri»iigh a properly 
designed matiifnld might ofTer constder«ihly less back-pressure than a direct 
exhaust from the |H»rls to the air. lu the writer’s opinion, the reason for 
this is that the gas stream flowing from the exhaust ]»orts has a definite 





Fiff. nstallation of Aircraft Engiita of Siernens Design on American Eagle Air¬ 

plane Fuaelage Showing Method of Installing Exhaust Gas Collector Ring. 

area and of course, a pres.snre three or four limes that of the air. The 
rcHulling reaction can be uiulcrstotKl by I be sonic whal crude analogy id 
slapping water willi a board <juick1y and feeling ihe resistance as compared 
with immersing the Iward more grailually. When exhaust gas is-sucs 
through a manifold nr even a series of properly designed slacks it issues 
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to the air at less pressure and greater volume and consequently meets 
with less resistance. 

The exhaust ring provided as standard equipment on Ryan-Siemens en¬ 
gines, distributed by the Ryan Aeronautical Corp., San Diego. Calif., is in 
front of the cylinders as shown at Fig. 228 fairing into the cowling on the 
plane and providing the proper streamlining in front of the cylinders to give 
even cooling. It consists of an annular ring with vents connected to the 
exhaust ports of the cylinders. The gases leave at the bottom of the annular 
ring through pipe carried below the engine. This is surrounded by a hot-air 
stove with a screened opening, which is the carburctt»r intake, facing for¬ 
ward giving a slight amount of suj>ercharging elTccl. 'rhcrc is an adjust¬ 
ment above the stove to allow a regulation for llit* annmnt of air l>cing 
drawn in by the carburetor. The conslructitm of the manifohl when 
removed from the engine is clearly shown at Fig. 22^>. 



Pic. 229.~Drawinc of Complete Exheuet Manifold Syitem of 100 Horsepower Seven- 
Cylinder Siemens Enfinee. Note ihe Heater Stove and the Connection to the Car¬ 
buretor Pitted with a Cold Air Bypass. 

4 

The system is said to reduce the noise and l>ecause of its arrangement 
reduces the fire hazard. It is made up of thin sheet iron with the annular 
ring in two halves stamped out with the scams welded together. The 
individual exhaust pipes are welded to the ring and a slip joint is provided 
to allow for expansion and coiitraclitm. The complete system, with pre¬ 
heaters, weighs thirteen pounds, sixteen pounds, and twenty pounds for 
the five-, seven-, and nine-cylinder engines respectively, and offers very lit' 
tie back-pressure, besides giving the important advantage of preheating the 
air entering the carburetor by combining an air stove with the exhaust gas 
discharge pipe. 



AiRPI-ANE ENGINE MUFFLERS 


529 


Elimination of noise in airplanes seems to be a general tendency in 
latest design. The inconveniences of the roar of the powerplant are 
apparent and it is natural that one's attention should he directed to the 
principal source of noise—the exhaust. Of course, the sounds given off by 
the propeller, ns well as that of the engine itself, are considerable factors, 
Imt it would l>e useless to attempt to eliminate these until the exhaust of 
the engine Itas been quieted. Considerable effort, lx>th in this country and 
abroad, has been directed to the silencing of engine exhau.st noises. Abroad, 
mufflers arc inure common than in the United Slates where long exhaust 
])ipC5 or exhaust manifolds with “silencing*' ends are increasing in use. 
This subject was cunsiderwl in detail by Mr. Kichnril M. Mock, writing in 
Avi(7iion. and excerps which follow are taken from that source. 

The loss of engine power, and also the tendency to burn valves when 
u]>eraliTig in hc»t climates, through iiuTcascd l>ack pressure in the exhaust 
inufflcr ha.s been one of the *1mgbcars" of the engineer. However, it has 
licen dcinoii>trnted that, with pro|)er design, power b»ss may he decreased 
lo a minitnnm, <ir, in .some rases, the engine p<i\ver increased. In addition, 
an exhau.st silencer, of gcMid design, ha.s ilic advantage of eliminating the 
flames of the burning gases from the view of the pilot for night flying. 
Objections have Iwen raise<l because of the increased weight and added 
air resistance, but with present day reflnemenls in airjdane design these 
objections have been rc<liiced to the fioint where they are overshadowed by 
(be advantages in tliv reduction in ^lund. 

The standard aircraft engine, on most production planes, has an exhaust 
manjfobi which shtovs little effort to silence the exhaust. The most com- 
inon type td manifold, on radial engines, is a ring for collecting the exhaust 
gases ami allowing these to escajH.* through vents at the l>ottom. The 
engine willi the cylinders in Hue usually has a cotnmrm collector manifold 
iiumnted on each Imnk of cylinders, with an opening at one end. On some 
designs there arc .shi»rt stacks on each cylinder or a group of cylinders. 
Each type id exhaust prtxluccs a different type of noise, and from casual 
observation it iUtca in»t appear tbnl any consideration of the elimination 
of noise has entered inttj most manifold designs. Most American engine 
manufacturers do not supply exhaust manifolds l)ut leave their construction 
to the air])lanc niunufacturer. An exception to this should be noted in 
case of the Wright J6 .scries which have a well designed exhaust ring 
incor|i<»ra(ed on each engine. 

It appears that the ultimate muffler will be of the Venturi type or long 
exhaust pipe type fitted with special ends. (1'hese seem to be the only 
types which silence the engines sufficiently lo warrant their use.) The 
rcsi.stance of the long exhaust pipe is slight when compared with that of the 
Venturi. It is true that the Venturi xy\>e can increase the speed of the 
engine but this jx>wcr is absorlied from the airstream and therefore 
whether or not it docs increase the overall efficiency of the installation is 
questionable. The decrease in pressure in the exhaust manifold increases 
the rate of exit of the c.xliaust gases ap|>rtciably. 

Noises can be eliminated from an engine exhaust by slowly reducing 
the velocity of the burned gases. This may l>e acconijilished by three 
methods :*~rcgii]ar expansion, change of clirectiun, or surface friction. 
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Most exhaust silencers cnij»1*»y a c<m)l)ination cif two or three of these. 
Thc simplest type of silencer is the lonjj exhaust'pipe, common on some 
Fokker planes. The exhaust manifold is connected to a flexible tube sus- 
])cndetl longitudinally below the fuselage extending back to a i>oint under 
the cabin. The ga.scs ex|K*«d gradually as they approach the end of the 
tube and their velocity is decreased by tlic friction of the walls of the tube. 
This method causes only a slight back pressure and the nc»isc can he 
directed away from the calnn. 'I'he usual type of rock)>it heater reduces 
the noise slightly hy this method as it mpiires a somewhat longer e.xhaust 
pi[U' than is nonnnny re*|uire(l. 

The method <»f changing the direction of the gases and thus reducing 
their velocity, such ns hy the use of halUe pinics as on autoinolulc inn filers, 
< au.scs too great a rciluclion in jwiwer \n u arrant Its use on aircraft engines. 
Ill addition, the installation is usually (|uite heavy. Aiiotlicr metltocl of 
changing the direction of the gases and thus slowly dissipate their energy 
PS that ipf the exhaust niaiiifold with the so-cnllerl “silencing** ends. The 
end of I he exhaust pipe is either completely sealed i»r partly cK'se<l. while 
the wall is ]H*rforate<l with small Imles having an aggregate <ipening nu»re 
than suflicieiit to excee<l the area of the pipe interijpr. 

The general tendency In llic nistallatrou of exhaust systems i.s to have 


an exhaii.st below the fuselage. 


'J'liis I.s due tt» the increasing use of cahin 


heaters and the desire to keej) the exhaust dames out of view and to carry 


the exhaust noises as far from the cahin us |»ossllde A mudling end on 
(his pipe wouhl decrea.se the noise |o a iiiiuininni and eluninate the (lame. 


1*he tnufUcr installed In the Loeniug cmunuTcial amjdiihlan is of the 


\ enluri type conihinc<l with the whirl type A .single muffler is used, 
cininrcted |o the top of the exhaust ring behind the cylinders of the Wasp 
engine (hie i.s used for all the iwlimlers. 'Plie installation weighs 95 
[Kmnds cf>m]plete with exhaust niaiilfolduig. It shouhl he noted that the 
nuilller is xnue distance from the engine, aljove the niiper wing, and i.s 
coiiiie<*te<l hy a large pi|*c. The exhaust enters hy small ludes and the 
shujpc of the \*cutiiri has Iieeu .suniplifietl 'I'lie cxhau.st inanifohl, instead of 


hriug ciuiucctccl to the exjiansion chamber concentrically, i.s connected on 
one sprle so that the ga.<es enter tangently and swirl In the e.xpanslon 
chaiuher. A haflle in the cx|«iusion chamber also lemls to reduce their 
\elocity. f )ii the ground, with the nuifiler in the sHp.slreani, it increased 
the sjieed of the Pratt i\' Whitney 4tK) hi»rsep«'wer Wasj) cngniic from 1,6.^0 
to l.f/iO r.p.m. The constrnction and installation of this tunfrUng device 
IS clearly show'n at I' lg. 22‘f A. 


Bristol Jupiter Exhaust System.—For llic assistance of aircraft coiw 
s(ritclf)r.s it i.s the policy <»f the I Bristol ('oiupany to develoji. test and 
stantlardize for each tvjie i»f engine a suitalde exhaust sYstem, to act as an 
exhaust collector, flame damper and silencer. 'I'he t\pe evolved for the 
geare<l Ju(>iter engines Itiroriw^rales several m»vel features, the utiht)' and 
effecliveiiess of which have been proved hy exteiule<l bench and flight tests. 
I'he deflector ring iniairjioraled serves the dual inirposes of ^ircventing heal 
ladiation from the exhaust ring to the gear ca.se. and alsi* i»reventing hot 
^'pots and stagnant areas, hy deflecting a .steady 11*uv of c*iolmg air ar^mnd 
the rear of the ring. Special xiduTical assembly joints and sliding expan- 



Siamesed pipes 



ri«. 229B-—DUgrams Showing Application of Bristol-JurnUr Exhaust Systtm, A^howing Cowling used when Engine is Installed 

in Fuselage. B_View of Engine Removed from Fuselage Showing Connections to Exhaust Ring. 
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sion joints are provided to ensure easy accessibility with interchangfcability, 
and freedom from expansion and contraction stresses under running condi¬ 
tions. The ring: is completely supported from special lugs on the engine 
gear case, and attachments are provided to allow of it being used as a front 
support of the cowling. This complete sy.stem has been fully tested and the 
detail design and dimensions are such that back pressure and consequent 
drop in power is negHgiltle, being ap])rnsimatcly one per cent. The rings 
nre finished with the Ecscolize<l proce.ss, making them pro()f against cor¬ 
rosion, with the result that the life of the rings can be considered as equal 
lo that of the engine. 



Fif. 229C.~Diagram of Jupiter Exhaust Syitecn. 

There are two mctlnnls (•( jtdning the exhaust ]>t>rts. of which, there are 
two per cylinder to the exhaust ring. The one shown at A Fig. 229 A 
^'Siameses*' the two e.vhaust pii>es to one member fastened to the ring, the 
other method is to use iiKlividiial pipes to the ring, as shown at R Fig. 229 
A. 'I’he general features of installation arc clearly shown in the drawing 
at Kig. 22^^ C' which is stdf-cxplanaiory. 

Air-Cooled Engine Development.—Older types of air-cooled engine 
suffered smnewhat in compariscpii with water-cooled engines in ecomnny. 
as cylimltT designs were so faulty as to require over-rich mixtures to pre¬ 
vent detonation awl preiguilion in high-]K)\vered engines. In the Model 
JS engine and in the Pratt & Whitney Wasp engine, the cylinder design 
has l>ccii greatly improved .so that air-cjK>lcd engines arc now running at 
very much better ectnuimics than their competing waler-cwded engines. 
Not only that. Init they have proved themselves cnjwble of running super¬ 
charged at sea level to brake mean effective pressures which water-cooled 
engines have not 1>cen able to withstand, and they can also be supercharged 
at altitude without any added complications. Air-c<K»lcd-engine design 
is now advanced to the point where cylinders are su|>erior in ctH>ling char- 
actertistics to water-cooled cylinders. In consideratiim of the design of 
aircraft engines engineers started out basically with the thought that, 
in an airplane, we start off with a definite quantity of heat in the fuel-tank, 
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which» at the end i)f a Hight. has heeti dissipated. That which went into 
useful work through llic propeller was dissipated to the atmosphere di¬ 
rectly. That which was lost llirough the cxhausl-slacks as heat rejected 
hecansc of the cycle employc<l is likewise <lissipated directly to ilie atnuis- 
pherc. That which was transferred through the cylinders and pistons was 
also dissi])ated to the adnospherc. directly in the air^cimlcd engine and in* 
directly in the water-cooled engine. 



Fif. 230.«Diagram Showing Installation of the Pratt k Whitney **Wasp" Engine 
in Curtiss Falcon Airplane. Note Method of Cowling Engine and Exposure of Flanged 

Cylinders to Propeller Slipstream to Secure Air Cooling. 


Air-Cooling Efficiency.^'I'he proportion of the heat rejected through the 
exhaust aiul through the cylinder-walls ami pistons can he varied within 
narrow limits, h'umlnmcntally. the ilesign of an aircraft engine is a matter 
of heat-flow. Our iiialnlity to get rid of this heat easily has resulted in the 
<!cvclopnieiil c»f special TualeriaLs for valves, jjistoiis, pislim-riugs, cylindcr- 
head.s, valve-seals, valve-guides, valve-springs, and all the other parts of 
the engine. It was felt that if engineers ciuild once sedve the problem of 
heat-flow and get this rejected heat out to the atniosplicre properly wc 
would simplify the resulting mechanical problems greatly. Hesigners 
therefore toi»k very groat t>aius in the design of air-cooled cylinders, making 
provison for every possible means of ewding as the writer will discuss 
more in detail laler. We began t<» rcgnlatc the oif-.su))ply to the pisiiUis 
and to design these jWstons to ]>erniii a rcatly transfer t>f heat to the luhri- 
caling-oil below the point where an oil-c<H»ler w’ould be required. Care 
was taken not to carry this beyemd that ixnnt. The final result was very 
satisfactory. In the new air-coolod-cylinder design the cooling is so suc¬ 
cessful that the problems of overheated valves, Inimed pistons, stuck rings, 
and burned cylinder-heatls have l>ecn simplified greatly. This is one of 
the outstanding achievements of air-cooled engine development because 
it not only permits high power-output per cubic inch of disi>laccment but 
also simplifies to a great degree the mechanical problems. 

Radial Cylinder Placing Ideal for Air Cooling. —Aircraft engines es¬ 
pecially, present ini]>ortuiU inducements for air Cindiug, in conjunction with 
a fixed radial or rotary ty|)c of engine. In such designs the cylinders are 
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each exposed to substantially the same amount of alr-flow as shown at 
230 and the air velocities in the pro|)cller slipstream attain very high 
values. Furthermore, the load on the engine decreases with a decrease in 
speed, so that it is jH>ssihle to ojwralc aircraft air-cooled radial or rotary 
ciicHiics at mean clTcctivc pressure as hiph as can be done with water- 
cooled engines. There is no doubt, therefore, that air coolinp^ of aircraft 
Cliques (d the radial t>r even the iu-litie or Vec types will continue to find 
lavor \>ith <lcsi^ners of such engines. 



Fig. 231.->Wright "Vee” 1456 Air-Cooled Engine is of the Inverted Type and has 
Twelve Air-Cooled Cylinders. Note Use of Cowling to Direct Air Blast from the 
Propeller to the Space between the CyUnders and Against the Heated Exhaust Pipes. 


It is .slatwl that a rcprcsculati\c mediuiu-size !tix-t*ylindcr automobile 
engine ts provided with a radiator, the wetted surface of which totals some¬ 
thing like 8,000 sipiare inches: that is, tlic air drawn through the radiator 
comes ill contact with that iiiucli .•surface which i.s available for transferring 
the heat fnnn the water (o the air. If tlii.s engine wa.s made without any 
water jackets and cyltiulers left plain the external area tif all the cylinders 
would total something like 400 sipiare inches. In other words, the air 
would have to lake away twenty times more heat from a given area of 
tiictal, In air-c<»olcd engines it is tlicrchirc necessary to increase the eflfcc- 
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tive cooling^ area of the cylinder walls p'eatly. This is done as a rule by 
formhip a 1arg;e number of coolings fins or flanges integral with the cylin¬ 
der as shown clearly in Fig. 224 and using material for the cylinder head 
that is a very good conductor of heat and that is light, such as aluminum 
alloy. 

In the air-coolcd field we have not yet reached the ultimate type, but 
have at least put cylinder cooling and valve troubles behind us, and are 
now attacking the prf»l>lcius of master rod and articulated rod construc¬ 
tion that arc involved and that must be con.*iijlcrccl in the tendency toward 
higher speeds <if rovidution. The air-coole<l piston is subjected to consid¬ 
erably higher temperatures than the pist<»n the water-cooled engine and, 
on account of the motion of the master rod. much greater angularity pre¬ 
vails in the connecting tckIs of a nine-cylinder engine, numl^crs four, five, 
six. seven. I'his angularity rausc.s greater si<)e ])ressurc on these piston.s 
and the master nxl piston also is subje<*tcd to sjicclal side jpressure, due to 
the actimi of the other cylinders u|Hm the r<Kl. All these conditions must 
be met by a balanced de.sign, which will maintain the outside diameter 
within as small limits as ]Missiblc and yet provide satisfactory conditions 
b)r the operation of ll>e ))aris just mentioncfi. The big end of the master 
rod must be given suflicient stiffness to permit of higher rotative speeds 
than are used at present. 

Vee Type Air-Cooled Engines.—The Vee type air-cooled engine as 
shown at Fig. 2.M on the other hand, now that its cylinder and valve prob¬ 
lems are solved, can follow the general lines of watcr-coolcd technique 
and will, authorities believe, during the next few years become a very pop¬ 
ular type wherever overall length is not the deciding factor. 

One of the most interesting developments of recent years is the air¬ 
cooled Lilieriy, referre<l to earlier in this paper, and developed by Messrs. 
Jones and Heron. This is a most satisfactory powerplant, developing 
420 horsepower at l.ROO r.p.m., but necessarily somewhat heavier than 
would be the case if it were a completely nov design and not an adaption, 
but nevertheless 200 pounds lighter than the water-cooled Liberty with 
radiator and water. As 10,000 new Liberty engines arc still in storage, 
and as the water jackets arc beginning to corrode and become unreliable, 
the importance of this development fnnn a commercial and economic view¬ 
point, as well as for Its military value, is quite evident. In order to obtain 
sufficient space between the cylinders for projKT air cooling, it was found 
necessary to reduce the cylinder bore to 4.625 inches instead of five inches 
as formerly, and to get the power by higher mean effective pressure and 
higher revolutions. With the watcr-ccndcd Liberty 1,700 r.p.m. >vas the 
highest speed at which the engine c<iuld run satisfactorily, but with the 
lighter reciprocating parts and smaller piston areas of the atr-cooled en¬ 
gine. speeds of 1,800 r.p.m. are satisfactorily maintained. Barring a few 
minor changes, the rest of the engine, except the cylinders, valve gear, 
pistons and induction system, remains the same. 

The cooling is obtained by means of a scoop, as in some of the early 
English and French air-cooled Vee type engines, which provides easy 
means of shuttering in cold weather. The distribution of cooling air to the 
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^rariou9 cylinders Is much less troublesome than was anticipated, no baffles 
or deflectors being necessary. The enclosed valve gear will be noted in all 
these engines, due to the belief that the operating parts should be properly 
lubricated and the valve springs protected from spray when used in sea¬ 
plane installations. Failure of exhaust valve springs has often resulted 
from the sudden chilling due to spray from the floats or propeller. Another 
important reason for the enclosed valve gear is the case with which an 
enclosed valve gear lends itself to compensation, a very impi^rtant item if 
<lurability is a considcratum. Wind tunnel experiments have shown that 
ihe gear on the top of an air-c<H>lcd cylinder offers considerable resistance 
and the gain in head resistance by enclosing these parts in .streamlined 
boxes is by no means negligible. 

Willi the Vee type, it is necessary to provide cowling to direct the 
air-flow to the cylinders; il is not necessary to use a blower for this pur¬ 
pose though the early itenatiU alr-c<Hdcd engine prevunisly described used 
a blower for the air blast. Engines r»f this ly|>c arc not apt to be lighter 
per hnrscjHiiver than the radial ty]>c even though counterweights arc 
vlimiiiated. The higher crankshaft-speed jiossiblc by the elimination of 
the master ro<l, and therefore the higher power, is counteracted by the 
added weight of the long crankcase and shaft re<juired by the cyliuder 
spacing. Because of the addition of cowling as well as the incrcnaecl 
number <if cylinders, the Vec type is not so accessible nor so readily dis¬ 
mantled as arc radial engines, which arc inhcrcmly simple from a main¬ 
tenance standpoint. Heretofore, tlic drag of the cylinders was supposed 
to have been c<msi<lcrably greater than that of the radiaUir usually re<iuircd 
for a water-cooled engine. This assumt>lif»n has Iwcn lisproved, as similar 
air]>lancs equipped with both air- and water-cooled engines have shown a 
considerable increase in sjieed in favor of the uir-cooled type, as has pre¬ 
viously been brought out, This increase is particularly noticeable at high 
altitudes when the or<linary radiator is shuttered. High speed is possible 
with the radial tyj^c of engine, as shown by the Gourdon airplane, which 
is reiMwtcd to have re«achcd a maximum speed of 224 in.p.h. with a 4S0 
horsepower radial engine. 

Limitations to Air Cooling Possible.—- Engine-S]>eed, some authorities 
claim, is the one factor that may give the water-c<Kilcd engine a chance 
to survive in aeronautics. Obviou.sly an engine of given size, if run twice 
as fast and at the same mean effective pressure, will give nearly twice the 
power, l^ossibly the limiting mechanical features may not differ greatly 
iictween the two types, although when five to nine cylinders arc working 
on one crankpin the limiting 8j>ecd seemingly is liound to be lower than 
when two cyHiulcrs arc working on one crankpin. However, granting the 
contention that this problem can be solved and that the air-cooled and 
water-cooled engines will Iw equal in this rcs])ert. the question of cooling 
remains, Can the air-cooled engine be cooled indefinitely as the speed 
increases? The cooling required on a given cylinder is a function of horse¬ 
power per unit of heat-dissipation area, and the direct air-cooled engine has 
a definitely limited dissipation area. 

The diagram at Fig. 232 illustrates the fact that the useful speed of 
the air-cooled engine tested seems t<» have a definite limit an<l that this is 
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the speed of rotation, or about 1,900 r.p.m., where the mean effective pres¬ 
sure drops rapidly with a corresponding rise in fuel consumption. These 
curves, which were phdted as a result of a test with an engine having a 
cylinder displacement that gave a power output per cylinder of between 25 
and 28 horsepower do not represent the last word, by any means and recent 
improvements in air*cooled engine designs show that the critical speed at 
which the drop occurs can be materially increased, ft should be borne 
in mind that any engine cylintler, air- or watrr-cnoletl. will have a critical 
speed and this depeiuls on other factors of <lesign besides cooling, though 
heal dissi)>ati<»n is otic <»f the most important c<msideratu»ns. 



Pig. 232.—Performance Curves of an Air-Cooled Cylinder. These Curves Demonstrate 
that the Useful Speed of Such a Cylinder has a Definite Limit. This is the Speed 
Above which the Mean Effective Pressure Drops Rapidly with a Corresponding Rise 

in Fuel Consumption. 

High Engine Speeds Favor Water Cooling.'^Thc discussion on high 
crank-speed goes on continuously. The rise the air-cooled engine force<l 
the water-cooled engine t<i high crank-spre<lH so that it could compete, 
hut. we must remember that the fiermissible crank-speed is a function also 
of the airplane <lcsign and air .screw efficiency. J. G. Vincent said in a 
paper that we could count on alniut ten r.p.m. per m.p.h., perhaps, for the 
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best air screw, efficiency and fucJ economy. That being the case, in a 
125-m.p.h. airplane, 1,200 r.p.m. is probably ibe best propeller-speed. Yet 
for low weight per horsep<j\ver engineers are turning these engines at 
2.000 r.p.m. The solution advanced bv some is to gear the ]propeller down. 
That idea was brought out in Navy PN9 and PNIO airplanes in which, 
with the reduction gearing installed in Parkard engines that arc turning 
2,500 r.p.m. in level flight, the planes are able to get off the water with 
trenicndou.sly heavy lt»ads because of the high pmpellcr-lbrust (or take-off 
and to gel high projjeller efiiciency (or lung-rauge flights. The secret of 
the success of the PN9 was Iwo-to-one rcrluctiou gearing. 

When engineers uiulcriake these different designs, however, they are 
more or less uncertain. Ibies the sveight of the jinvpellcr and‘reduction 
gearing counter-balance the itnj»r*»vcineul in thrust? No definite figures 
arc available Us work fnnu CNcepl that wc have certain examples of im- 
jjfoved performanco witli the use of reduction gearing. J'or that reason. 
Nvlien Pratt and \N'hilucy engineers .started to build the Hornet, they incor¬ 
porated a two-to-one rcductifni gear but realized that the gear was useless 
nnle.ss conditions permitted turning the engine up to high speed. Again, 
the t|ucstion arises wbcllicr the ratio should be two to one or five to three 
or some other. Small engines have use<l as high as three to one reduction 
ratio 

IVsigiKTS thought they were d<Mng rather well when they turned the 
water-cooled engines at 2.100 r.p.tn. Then they increased the speed to 
2,.500, and now it is 2.S0() r.p in. One the J^ackard engines developed 
.500 hi►rsctH)vvcr at 2.100 r.]>.ni.. passed a .5()-hour test, with wide-open 
throttle, with only two ships, dcvelotiing (lOO horsejiower at 2.500 r.p.m., 
aiul the Packanl racing engine recently showed 700 horsepower at 2,800 
r.jKni, Mnginrers felt the same way nlHuil the radial engines. Several 
years ago it wa.s belicve<l that the model J was limited lo 1,800 r.p.m., but 
now they arc turning it up at 2.100 and 2.200 r.p.m. and diving the engine 
at 2,500 r.p.m. The cugmc-.sper<l will be in relation to the level-flight 
propeller-speed. In the case of the Wriglit Whirlwind engine which turns 
at 1,000 r,]).in. in level flight; in a dive the highest speed recorded was 
about 2,400 r |».m. in a straight-down dive for a good many thousand feet. 

Also with regard to the slower revolutions of the radial engines, the 
reader shcnild remember that the propellers will turn at slower and mc»re 
efticienl speed because they will sw‘ec|) a larger area. More than that, the 
diameter of the engine with the larger propeller is of less retarding effect 
because the central part of the shiw-speed propeller is not efficient and 
might as well l>c cowled-oul. With the larger propeller and the slower 
speeds, the iiroblem of the greater diameter of the radial engine is solved 
an<l some engineers claim that the gain fmm the propeller on direct drive 
will more than make up for the greater engine-speed of the water-cooled 
engine with the addition of gears lo secure pri>peller speeds that will be 
efficient. 

In the question of jioweridaiu economy, we must consider also the 
jiropeller elficiency. It is well known that projudler design is largely 
dictated by the speed of advance of the aircraft, lu airplanes making a high 
speed of 125 m.p.h.. the propeller s^Kcd should not be greatly in excess of 
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1,250 r.p.m. without loss in economy. If now we want to employ the hi^h 
powers resulting: from high crankshaft-speeds, we must use reduction^ 
gears. This was the basic idea that dtcuited the engine installation of the 
water-cooled West Coast-Hawaiian PN9’8. With Packard 1 A-1,500 en¬ 
gines turning between 3,200 and 2.400 r.p.m. in level flight, we attained 
very high propcllcr-efncicncy which resulted in increased range. At the 
same time high thnist on t,ikc-ofF was obtained which permitted us to gel 
off with a very large percentage of useful to full load. The final result 
was the world's seaplane endurancc-rceord of 28 hours 35 minutes. In 
other words, we arc thinking now in terms oi ‘'ixiwcrplanl w eight per thrust 
horscj) 0 \vcr-hour.'* In fast airplanes it is permissibks of course, to turn 
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Fig. 233.«Diagram Showing How a Seven-Cylinder Radiel Airplane Engine May be 
Water-Cooled. System Shown U that of Salmson PowerpUnt. 

the engines at high speed without the use of gearing. Our jiursuit airplanes 
are now being so operated, utilizing crankshaft-s])ceds as high as 2,250 
r.p.m. succcssfull}*. Now, in a sleep dive at full throttle, the engine turns 
up to very high crankshaft-s^K^eds. Our pursuit engines are perfectly 
capable of withstanding these high sjjceds which may be as high as 3,500 
r.p.m. during a sleep dive. 

Cooling Systems Generally Applied.—There are two general systems 
of engine cooling in common use, that in which water is heated hy the 
absorption of heat from the engine and then cotilcd hy air, and the other 
method in which the air is directed onto the cylinder and absorbs the heal 
directly instead of through the medium of water. When the liquid isS 
employed in c<K)liiig it is circulated through jackets which surround the 
cylinder casting and the water may l>c kcj)t in motion hy two method.s 
The one generally fav<*red is to u.se a ptisitivc circulating pump of some 
form which is driven by the engine to keep the water in motion. The other 
system seldom us«l in aviation engines is to utilize a natural’principle 
that heated water is lighter than cold liquid and that it will tend to rise 
to the top of the cylinder when it becomes heated to the proper tempers- 
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ture ajid cooled water takes its place at the bottom of the water jacket. 
Air<ooling methods may be by radiation or convection. In the former case 
the effective outer surface of the cylinder is increased by the addition of 
flanges machined or cast thereon, and the air is depended on to rise from 
the cylinder as heated and be replaced by co<jler air. This, of course, is 
found only on stationary engines. When a positive air draught i.s directed 
against the cylinder by mcaiiK of the propeller slipstream in an airplane 
nr the cylinders revolve around a slatioiiary crankshaft as in ibe fjnome 



Fig. 234.—How Water>CooIing System of Early Airplane Engine ia Installed in 
Fueelage, Following the Then-Current Automobile Practice. Radiator it Mounted 

in Front of the Engine and Directly Back of Propeller. 

construction, cooling is by convection and radiation lK»th. Sometimes the 
air draught may be directed agaiti.st the cylinder-walls by sonic f<»nn of 
jacket which confines it to the heated porlions of the cylinder as shown at 
Fig. 231. where a cowling confines and directs a large portion of the slip¬ 
stream around the flanged cylinders and beads. 

Cooling by Positive Water Circulation.—A typical water-cooling sys¬ 
tem in which a pump is depended upon to pnmiote circulation of the cool¬ 
ing liquid is shown at Figs. 23.^ and 234. The radiat(»r is carried at the 
front end of the fuselage in some cases, and serves as a combined water 
tank and cooler, but in other designs it is carried at the side of the engine, 
as in Fig. 235, or attached to the central portion of the aerofoil or winged 
structure or placed below the engine in the fuselage. In racing planes, 
the radiator may form part of the wing covering. Radiators are composed 
of an upper and lower portion joined together by a series of pipes which 
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may be round and provided with a scries of fins to radiate the heat, or 
which may be flat in order to have the water pass through in thin shect> 
and cool it more easily. Cellular or honeycomb c<»olcrs arc composed o( 
a large number of bent or zig-zag tubes which will expose a large area of 
surface to the c<HiIiiig infliiciKC of the air draught forced through thv 
radiator either by the h»r\vard movement of the airplane or by some type 
of fan in aut()mo?)ik*s and the propeller slipstream in aircraft. The celln 
lar and flat tube typos have almu.st entirely displaced the flange liibi 
radiators which were formerly popular herause they ci>ol the Mater niurr 
effectively, and may he tn;ule light or than the tubular radiat<»r cnuld ]i<. 
for engines i»f I be same capacil>. a very iin])ortant a<l\anlage in airplane ^ 



Fig. 235.--One of the Earliest Attempts to Reduce Resistance of Front Radiator. 
Narrow Finned Tube Radiator Installed at the Side of Early HalkScott Airplane 

Powerplant, Mounted in a Standard Fuselage. 


Tn the siinple.st systein.s water \s drawn from the lower header of the 
radiator by the puniii niul is fijrced thr«mgh a mambdd to the hwvcr por¬ 
tion of tile water Jackets of the cylinder. It heroines licated as it passes 
around the cylinder w*alls and conihustion-cbanihers and the hot water 
l)as8es out of the lop of the water jacket to the ujipcr portion of the radia- 
l<jr. Here it is divi<lc<l in thin .sircanis and directed against com]>aratively 
cool metal which abstracts the heat from the water. As it Iwomes cooler 
it fall.s to the bottom of the radiator liecatise its weight increases as the 
temperature liet'omes lower. Ity the lime it reaches the lower tank of the 
radiaU*r it lias been cooled siilflcienlly si» that it may be again |>a.ssed 
aroumi the cyliiulcrs of the mol nr. 

The pt>pular form of circulating pump is knowm a.s the ‘‘centrifugal 
type** because a rotary impeller of paddle-wheel form throws water which 
it receives at a central jHiint lowar<l the outside and thus causes it to 
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maintain a definite rate of circulation. Such a pump is clearly shown in 
•section at Figf. 220 which also shows the method of driving it. The pump 
is always a separate appliance attached to the engfinc and driven by p<jsi- 
live gearin}.t or direct-shaft connection. The ccntrifuj^al pump is not as 
positive as the gear form, and Some manufacturers prefer the latter because 
of tlie positive i>umping features especially in oiling systems. They are 
very simple in form, consisting of a suitable cast l)udy in which a pair of 
spur pillions having large teelli are carried. One of these gears is driven 
]>y suitable means, and a.s it turns the cuher member they niainiain a flow 
id water around the pump ImkIv. Gear pumps of adecpiale cai^acity for 



Fig. 236.--Water<Cooled System Showing Simple Piping When Block Castingv are 
Used for Cylinders. Radiator Mounted in Front of the Engine. 


cooling aviation engines would be heavier than a centrifugal pump so the 
latlCT are alini)sl universally use*l for circiilaling ctioling water though 
gear pum(is are preferreil for oil circulation. The punij) .should always 
be installed in .senes with the water pijic which conveys the cool liquid 
from the lower coinjiarlincnt of the ra<liator to the coolest jHirlion of the 
water jacket. 

Water Circulation by Natural System.—Some automotive engineers 
ctintend that the rapid water circulation obtained by using a pump may cool 
the cylimlcrs too much, and that the temperature of the engine may be 
reduced so much that the cfricieiuy will be lessened. For this reason there 
was a tendency to u.sc the natural method <»f waVer circulation where the 
co<inng liquid is supplied to the cylinder jackets just helow the Iwiling 
IHiint. and the water issues from the jacket at the top of the cylinder after 
it has absorbed suflicicnt heat to raise it ju.st about to the boiling point. 

As the water bectmics heated by contact with the hot cylinder and 
combustion-chamber walls it rises to the toji of the water jacket, flows to 
the cooler, where enough of the heat is ab.seirbcd to cause it to become 
sensibly greater in weight. As the water liecumes cotder, it falls to the 
bottom of the radiator ami it is again supidicd to the water jacket. The 
circulation is entirely automatic an<l conliiuics as long as there is a dif¬ 
ference in lemiieraliirc between the liquhl in the water spaces of the engine 
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and that in the cooler. The circulation becomes brisker as the engine 
becomes hotter and thus the temperature of the cylinders is kept more 
nearly to a fixed point. With the thermosyphon system the cooling Hqui<] 
is nearly always at its boiling point, whereas if the circulation is main 
tained by a pump the engine will become cooler at high speed and will 
heat up more at low speed. 

With the thermosyphon, or natural system of cooling, more water must 
be carried than with the piimi)-maintained circulation methods. The water 
spaces around the cylinders should be larger, the inlet and discharge water 
manifolds sliniihl luive greater capacity, and be free from sharp corners 
which might impede the flc»w. 'I'he radiator must alwi curry more water 
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Fig. 237.—DUgrama Showing the Mounting of the Radiator Below the Engine and 
the Uae of a Supplementary Supply Tank Placed Above the Motor Cylinder a. 


than the form used in connection with the pump because of the brisker 
pump circulation which maintains the engine temperature at a lower point. 
Consideration of the alx>ve will show why the pump system is almost 
universally u.sed in connection with airplane jK>werplant cooling. It is 
also more popular in automobile applicatums an<l few modern cars are now 
cooled by the natural system. 

Radiator Location.—V^artous locations of the water cooling radiators 
have been proposed. The method of piping the twelve-cylinder Vec en¬ 
gine of Hispano-Suiza design shown at Fig. 236 indicates that the use of 
a frontal radiator |>crmits of the most simple and direct piping. When a 
cooling radiator is installed below the engine, as shown at Fig. 237, more 
piping is necessary because a feed tank must l)c carried above the water 
jackets to insure a gravity head to the water pump. The same system, 
modified in that the radiators arc placed below the engine but at the side 
of the fuselage is shown at Fig. 2.38. The auxiliary tank in this system 
is not in series with the radiator as indicated in the piping arrangement 
shown at Fig. 237 but is connected in parallel or a shunt connection with 
the outlet pipes from the jackets. When used in this manner, the auxil¬ 
iary tank acts as a steam condenser. 



RADIATOR INSTALLATION 




Pig 238~In»UllAtion Diagram Prepared br Hispano-Suiaa Engineer*. Showing Water-Cocling Sfftem in which Radiator is Mounted 
Beiow and a Vapor Collecting and Condensing Tank is Mounted Above the Engine. This System Permits of Running the Engine at 
Higher Temperatures than Possible with the Simpler System Because Arrangements are Made to Trip and Condense the Steam. 
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Regulating the water temi>cratiirc may he done in a number of ways, 
depending on the radiator installation. When the radiator is mounted 
ahead of the engine, as in Fig. 259, the water-flow may be controlled by a 
manually controlled <ir thcrmi>slalically actuate<l valve introduced in the 
water outlet pipe as at A or the air-flow through the radiator interstices 
may be regulated by shutters as at H. When the radiatfjf is placed below 
the engine and a special auxiliary feed tank is mounted above the motor we 
have the conditions shown diagraiumatically at Fig. 240. In one series 
of installations the feed tank is in fr<»nl. in the other it is in liack of the 



Pig. 239.^DUgram Showing Simple Methode of Regulating Water Temperature. A.* 
Shut-Off Valve in Warm Water Outlet Pipe. B.—Shutters Mounted in Front of the 

Radiator. 

motor, otherwise llie conditions arc the same. At A. the shnt-t>fF valve is 
used in the pipe line running from top of water jacket to auxiliary feed 
tank. At B, the entire r,vliator may he raised into the fn.selagc or low-* 
ered at will. As it is raised, it is shielded from the air stream and the 
amount of exposed area can he proixirtioncd to the amount of cooling elTect 
desired. This .systcin involves trouble and mechanical complication. The 
use of shutters, as shown at C makes possible manual or automatic control 
with a small amount of mechanism and is generally used. The use of 
shutters in a nnidcni pnrstiit plane is .shown at Fig. 241. 

Resistance of Radiators.'—The head resistance of the ra<liator can be 
assumed, fc*r usual puqM^ses, prn|Kirtional ti» (he square i>f the dying speed 
and to the density of the air. For unobstructed positions it may be repre¬ 
sented by the equation 

I< = h p V* where 

R = the bead resistance in |xmiids per square fo(»t, or kilograms 
per scpiare meter, of frontal area 

V = the airplane speed in miles per hour, or in meters per second 
p»lhc air density in jMUtmls per cubic fiHd, or grains per cubic 
ccntinicter 

. a con.stant for each ty]>e (»f radiator. 

The value of h ranges lietwccn very wide limits. If the Kngli.sh units are 
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nsed, for cellular radiators with strai^^ht-sided air tubes, it ratiges from 
0.0009 for core.s with very large free area to 0.002.^ f<»r ivpes with very small 
free area: U*r fin-and-liil>c rnrlintors, unless very o|ku. it e\cceds 0.0020; 
and ftir irregular 1yi>es \Yilli turbulence vanes it may run as high as 0.0026. 
'rhe corres|>(Hiding values for the metric units are resjicclively 1.4, 3.5, 3.1 
and 4.0.^ 

When the radiator is placed in the tuise of the fuselage as in Fig, 2.^4 
ilie head resistance chargeable to the ra<Hator, mcainiig the difTerrnce be¬ 
tween the head resistance of the cninplelc airplane and the resistance that 
it might have ha<1 if it couhl have been des»gued without a radiator, Is in 
general very large an<l, for a given flying speed, the head resist.!lire charge* 
able to the ratllalor increases with increase in air-flow. It is considendil)' 
erealer for a radiator placc<l in the im.se of the fuselage tlian when the 
!iose of the fuselage is streamlined and a radiator of etjuivalcut cooling 
eai>acity i.s placed in an uii<»bsinKte<l jxj.sition a.s in Fig. 241. A radiator 
idaced in the wing increases, in general, the resistance, or drag, of the w'ing. 

I nit the increase is not large ami there tiiuy even be a ilecTcasc at certain 
angles of attack. The radiator, unless shuttered, will inevitably decrease 
the lifting power of the wing because iio vacuum lifting ciTect is iirc-seut 
aiiove that section of the wing where the radiati»r is installed and vtry little 
jMJsitivc lift is obtained because n{ air-flow lhr<mgh the radiator. This <loes 
not afiply to Ihtisc bfrnis where the radiator forms part of the wing skin 
or covering but only to ra<]iat<»rs having <»iieii instcrsticcs for air-flow. 

if t)ie radiator i.s placetl in the .Oipstreum. the head resistance chargealdc 
to it Is iindiably approNimatcly e(|ual to what it wonid be if the projicller 
could be removed aiul the airplane <lriven by some other inrans at such a 
s)>eed as wtniltl give the s;une speed of air relative to the radiattir. If this is 
true, the assuinjilnm that the -'*peed of the slipstream relative to the ra<lia- 
tor is from twenty to 25 per cent greater than the flying speed would apply 
to head resistance a.s well as it does to air-flow. Since hca<l resistance varies 
AS the s<(uare of the spee<l, an iiicreasc of twenty jUT cent in speed re.sults 
In an increase of 44 j)cr cent in resi.stance. The ciTert ‘if the swirl of the 
slipstream is similar to that of yawing the radiator, which is Xa increase the 
head re.sistance for unobstructed positions and for jKisitions that would 
)k* unobstructed but b»r the pn»|>ellcr. For jKisiiioii.s that would be ol>- 
'tnictcd w ithout the pro|)eller. as in the nose of the fuselage, the effect of 
the swirl of the slipstream is to make the air-flow somewhat less than it 
would be if there were no swirl ami. since bir such |K)silions the head re¬ 
sistance chargeable to the radiator increases with increased air-flow, the 
eifect of the swirl probably compensates to a slight extent for the effect of 
the increased speed of air dne t(i the propeller. 

In the modern designs, when radiators are installed in front of the 
engine as in the Macchi M7 shown at Fig. 242 or the Curtiss Kobtii shown 
at Fig. 243, the shell is roundc<l to give a better .streamline effect. The 
method shown at Fig. 244. in which the water radiators are used as wing 
covering at the center section and each si<lc is the most cflicicnt. When 
skin radiators are used, the resistance of the water c<Kding area is not 
much more than that of the wing covering normally employed and none 
of the lift is sacrificed. 
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In computing resistance of watef*cooling system* we must take into 
consideration further the drag-area of the usual exposed radiator used ftir 
the water-ctwled engine. This factor is considerable. We must even g<, 
farther and consider the drag resulting from the additional wing-area re- 
quirccl to support the CJKiling-sysCcm of a water-C4»olcd engine. When wr 
take all these factors into c<»nsideration we find that the air-cooled engine 
compares mit unfavorably with the \vater-c<K)le<l engine, and we have not 
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Fig. 240.—Modern Plane of Curtisi Design Showing How Carefully Motor it Stream¬ 
lined in Noac of Fuselage. Note the Location of Radiator Provided with Shuttera 
Streamlined Into the Lower Part of the Engine Compartment. 


yet started to develop means of streamlining air-cooled cylinder heads 
which js pos.sible as racing practice lias shown in which cylimler hea<ls have 
been cowled in by helmets of streamline form. A good example of cowling 
for cylinder heads of a radial engine is shown at Fig. 245 winch shows a 
Bristol (English) single seat fighter with a short cowl in front of each 
cylinder head. 

The radiator causes absorption of power in two ways, in carrying its 
weight and in overcoming its head re.sistancc. It also lias other adverse 
effects on the plane, among which arc (a) obstruction of the pilot’s view, 
(b) modifications in internal Cimslruclion of the fuselage to acc<»mniodatc 
the mounting of the ra<liator. and (c), in miHlary machines, liability to injury 
from hostile fire. The flower absorbed is composed of two parts: that due 
to head resistance and that due to weight. Since the head resistance varies 
approximately as the square of the flying speed, and the power can be 
measured by the pnHhict of a force and a velocity, the i>ower absorbed due 
to head resistance varies approximately as the cube of the speed. Since, 
however, the weight is sustained by a *‘iift’’ on the wings, which is a con¬ 
stant and equal to the weight, and since this is accomi>anied by a “drag'* 
that IS proportional to the lift for a given angle of attack, the power ab¬ 
sorbed due to weight is more nearly proportional to the first power of the 
speed, and is dependent upon the lift/drag ratio of the airplane. When 
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wing radiators arc employed we find that parasitic resistance is reduced 
to the minimum because there is practically no head resistance and the 
fuselage has a much better entry than when a radiator is mounted above, 
in front of or below the engine. Radiators such as shown at Fig. 244 would 
he extremely vulnerable to enemy fire if used on military airplanes and also 
would be unfavorably alTectcd by vibration and shocks due to landing on 
rommorcial airplanes. 
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Fig. 241.^Diagr4m Showing Methods of Regulating Water Temperature in Water* 
Cooled Aviation Engines when Radiator la Mounted Below the Crankcase. A^^hut* 
off Valve in Hot Water Outlet Pipe. B—Movable Radiator which May be Railed 
from and Lowered into the Air Stream. C—Shuttere Restricting Air Plow Through 

Radiator, 


Direct Air-Cooling Methods.—The earliest known method of cooling 
the cylinder of gas-engines was by means nf a current of air passed through 
H jacket which confined it close to the cylinder-walls and was used by 
Daimler on his first gas-engine. The gasoline-engine of that tune was not 
as efficient as the later form, and other conditions which materia I i/.ed made 
it desirable to cool the engine by water. Fven as automobile engines have 
Ix^come more and more perfected there has exi.sted an unreasonable prejudice 
against air ciuding, though m.iiiy birms ui engines have been nsed. both in 
automobile and aircraft appllratnms where the air-cooling method ha.s 
proven to be very practical. ‘Phe simplest system of air cooling is that in 
which the cylinders arc provided with a series of flanges which increase (he 
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effective radiating surface <>f the cylinder and dirccliiig an air current 
against the flanges to absr»rb the heat. This increase in the available radiat¬ 
ing surface of an air-cooled cylinder is necessary because air does not absorb 
heal as readily as water and therefore nuirc surface must l>e provided that 
the excess heat be ab.s<»rl>cd sufficiently fast to prevent disU»rtion of the 



Pig. 242.^The Macchi M7 Seaplane with Engine Mounted Below Top Wing and 
Having an Inclined Eadiaior, Part of which ia Covered by Movable Shutters for 

Temperature Regulation. 


cylinders. Air-coolnig systems arc based <iii a law foruiulalcd In' Newtuii. 
which is: “The rale for ccKilmg fur a ImmIv in a nnifunn current i»f air n 
tlircclly pn»pi»rticmal l<i the sjiccd of the air current and the aniounl of 
radiating surface cn posed to the cooling cfTccl.** 

Air-Cooled Engine Design Considerations.—-There arc certain consid¬ 
erations wliicli in list be taken into accuitiil iti designing an air-cooled cn* 
gine, which arc soiiielnucs overlooked in those forms cooled f»y water. 



Fig. 243.—The Curtits “Robin" Cabin Type Monoplane haa an OXS Engine, with 
a Radiator Placed between the Engine and the Propeller. Note Rounding of Radiator 

Shell to Reduce Air Resistance. 
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Largfc valves must be provided to insure rapid expulsion of the flaming ex¬ 
haust gas and also to atlniit promptly the fresh cimjI mixture from the car- 
l)uretor. The valves of air-cooled engines are hivariahly placed In the cylin¬ 
der head, in order to eliminate any pockets or sharp passages which would 
impede the flow of gas (»r rclnln .s<ime of the ])r(H]i]Cis of combustion and 
their heat. When hjgh power is desired innitiple-cylindcr engines shouhl 



Fig. 244.~CurHit X013A Pakon Equipped with High Compression Curtiss 
queror'* Engine and Wing Radiators for Cooling. This System Provides the Least 
PoMkble Parasitic Resistance Due to Cooling Water Radiators. 

be used, as then* is a certain limit to the size of a successful air-cooled 
cvliiidcr. Much better results are securcrl from lho.se having small cubical 
Contents because the heat from smalt c|itanlilics (»f gas will lie mure quickly 
carrictl olT than fr<ini greater amounts. All .successful engines of the avia- 
liun type which have hccii air-c<Hiled have been <»f the multiple-cylinder 
iy])c and not to exceed .six inches I Mire, thtnigh cylinders as large as eight 
inches b<irc have heen ccKilcd successfully. 

An air-euoletl engine inn.'^t be pbiccil in the fn.sclage, in such a way that 
til ere Will be a ]H>silivc cireulalicm <»f iiir around the eyirnder heads and a 
jinrlion (>f the cylinders all the time that’it is in operation. The air current 
may l)e produced hy the tractor .screw at the front eiul ol the motor, or by 
a blower fan attached to the crankshaft as in the earl}* Renault engine or 
by rotating the cylinders as In the I.e Rhone ami (jucMue motors, (ireater 
care is required in lubrication of the rotary air-cooled cylinders and only 
the be.st quality of ca.stor oil should ht usc<l to insure satisfactory oiling as 
previously descri[»ed. 

The comhiislion-chambers must be proportioned 540 that distribution of 
metal is as uniform as possible in order to prevent uneven expansion dur¬ 
ing increase in icinpcrature and uneven contraction when the cylinder is 
cooled. There must also be siiflirient metal in the head Xo make for gradual 
heating and cooling and every jiart should be as liberally flanged as possi¬ 
ble. It is essential that the inside walls of the combustion-chamber be 
smooth because any shurj) angle <»r projection may absorb suflicient heat 
to remain incuiidesccnl unci can.su ironhic by iguUing the inislure before 
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the proper time. The best grades of cast nickel-iron or forged steel should 
be used in the cylinder and the machine work must be done very accurately 
so the piston will operate with minimum friction in the cylinder. The 
cylinder bore should not exceed eight inches and the compression pressure 
should not exceed 125 pounds absolute, or seri(»us overheating may result 
unless design and fuel problems are very carefully worked out. 

As an example of the care taken in disposing of the exhaust gases in 
order to obtain practical air cooling in early engines some cylinders were 
provided w'ilh a .series of an.xilinry exhaust ]jorts uncovered by the piston 
when it reachctl the end of its ]M«\ver stroke. 'I'hc auxiliary exhaust porl> 
<»pcned just as so(»n as the full ft»rce of the cxplnsiou uas spent and a jxir- 
lion of the flaming gases was discliarged thnmgh the porta in the bottom 



Fig. 245.—The Bristol Smale-Seater Fighter Provided with Jupiter Air-Cooled Engine, 
Showing Method of Cowling end Streemlming Cylinder Heeds to Reduce Pereiitic 

Resistence. 


of the cylinder direct to the air. l^css «»f the exh.iu.sl gases reniaincd to 
discharged through the regular exhaust member in the cyltn<ler head and 
this did not heat the walls of the cylinder nearly as much as the larger 
quantity of hot gas would. That the auxiliary exhaust port was of con¬ 
siderable value in early engines was conceded by many designers of fixed 
and fan-shaped air-cooled motors for airplanes, though modern engines do 
not require any such aid as an auxiliary exhaust to secure |K>sitive cooling. 
Salt and mercury cooled exhaust valve stems, alloy steel valve heads and 
properly cooled and well flanged cylinders and alloy heads have solved 
the problem. 

Among the advantages stated for direct air cooling, the greatest is the 
elimination of cooling water and its cooling auxiliaries, which is a factor 
of dome moment, as it permits considerable reduction in horsepower-weight 
ratio of the engine, something very much to l>e desired. In the temperate 
zone, where the majority of airplanes are used, the weather conditions 
change in a very short time from the warm summer to the extreme cold 
winter, and when water-cooled systems are employed it is necessary to 
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Add some chemical substance to the water to prevent it from freezing. The 
substances commonly employed are glycerine, wood alcohol, or a saturated 
.solution of calciuin chloride. Alcohol has the disadvantage in that it 
vaporizes readily and must be often renewed. Glycerine affects the rubber 
hose, while the calcium chloride solution crystallizes and deposits salt in the 
radiator and water pipes. A new material, known as Prestone has been 
developed and used successfully for winter cooling hy the U. S. Army and 
Navy, as well as sonic cmninercial operators using water-cooled engines. 

BOILING POINT (d* WATKR AT VARIOUS ALTITUDES 
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Air Cooling Permits Important Weight Saving.—All authorities agree 
that saving weight is the most im|H»rtant characteristic of air-cooled engines 
for aviation, Air-cmdcd engines save directly the weight of radiator, pip¬ 
ing. water, pumps, shutters and radiator sup|><>rts. Furthermore, there is 
saved in the plane structure itself the weight necessary to carry this water 
radiation equipment, 't'his last saving is very impi>rtanl, as it runs from 
50 per cent to 100 \)cr cent of the direct saving. For instance, compare 
the weights and i)crforuiances of air-cooled vs. watcr-conlcd, two-seater 
planes built by the Chance V<mghl C<»ri*oralinn. IkUIi iMovcrcd with Wright 
200 horsepower engines. The air-cooled plane saves 145 pounds on radiator, 
shutters, piping an<l water and (»vcr 70 iKiunds more In plane structure. 
This weight saving has liecn applied lu give the air-cooled plane higher 
speed and greater radius, without loss of ceiling or increase of landing 
speed. The air-cooled engine has increased the s}K*e<l eighteen m.p.h. or 
fifteen per cent, and increased the cruising radius 1.50 miles or 51 per cent, 
notwithstanding the air-cooled plane carries 89 pounds more equipment 
than the water-cooled plane. 

Air cooling is as logical for airplanes as water is for marine engines. 
Its simplicity, on account of the direct cooling, results in added dependa¬ 
bility. This is the single most important reason for air cooling. In addi¬ 
tion, a considerable saving of weight is effected that amounts to 
approximately 0,5 to 0,7 [xiunds per horsepower in the total powerplant 
weight. In no other way. at present, can this amount of weight be removed 
from the powerplant and at the same time increase its dependability. The 
reduction in powerplant weight is reflected in the airplane, both in the 
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structure of the fusclap'c and in the wing surface fi>r a given loading. The 
reduction in the gross weight of the airplane is of the utmost importance 
for commercial operation, as it provides for carrying more pay^Ioad with 
a given powerplant. From a military standpoint, this saving results in 
increased airplane performance. In addition to increased dependahility and 
reduced weight, the radial type oi air-c(Mdcd engine makes possible an 
aeroHynamically superior and syimnetrical fuselage, and gives a high center 
of thrust that allows ample propellor-cliainetcr. 
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Fig. 245A.-~DUgrams Showirig Important Space Saving Possible With Air»Coo)ed 

Radial Engine. 

Another fact regarding water cooling .should be mentioned. William 
B. Stout stated (hat his associates had l»een driving airjdanvs <m the Ford 
air routes with Libcriy-iwclve engines for aUmt \'/i years. The ships 
made two round trips per day from Detroit to Cleveland and one routwl 
trii) to Chicago. They have, as gcKid mechanics as any in the world and 
Mr. Stout believed they knew how to mount a racliatr>r and a Liberty 
engine; yet 90 per cent of all birced landings due to mechanical trouble 
have been caused by the plumbing and water troubles, rherefore, from 
actual operating experience with water cending they are much in favor of 
the simpler air-cooled system and, while we may gel greater power with 
water cooling. Mr. Stout is of the opinion that air cooling is an inevitable 
development for aircraft. 

The planes used by the Fi>rd-Stout airlines are now of the tri-iuotored 
all metal variety d«velo]>ed by Mr. Stout using air-cooled engines ex¬ 
clusively. 

Comparing Radial and In-Line Engine Installation.—The illustrations 
at Fig. 245 A are diagraim adajttcd from some prcjxired and tniblisbed ))y the 
makers of the Bristol Jupiter engine in order to show how powerplant is 
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^^m|>Iified ami space requirc<l for the engine is greatly rcducctl when a 
^tatic radial engine is installed in a plane as compared t<> a similar plane 
tvith a mopif ill which the cvliiulers are in Vec or W arrangement. 1'he 
machine shown is a Spad lierline. Comparing point one in each machine, 
we find that with a static radial engine as at li, two pil<»ts lia\c an excellent 
field of vision in a well placed cockpit, as emnpared with the seating 
arrangement slnovn at A in which the inlots are carried hack of the cahin. 
The second iM»inl estahlislu’d is that the static radial engine allows the 
provision of seals for eight passengers as c< mi pared with the six passenger 
cajocity in the jilanc with ihe longer in-line engine, which iiievitahly encroaches 
on the calnii space, ^^•illt three is made that ordinary in<iicclum fd the 
valve gear, etc., of a static ra<lia1 engine may he made without removing 
die cowling. With a waler-c<H>led or even an air-c<K»le<l Vcc engine, 
removal of cowling is necessary in case of the former and some form of 
air-se«ujp in case of the latter, Then as a final pmnt nuiiiher f<mr, aUen» 
lion is directed t<‘ the ahsence of a radiator shown in design A in the design 
outlined at U. Hliininaiion *if the radiator, water piping, jnim]), feed tanks, 
etc., certainly does siiii}dify the engine installation. 

Experience of U. S. Navy with Air Cooling.—One of the authorities 
<m tlie use of air-cooled engines in the I* S. Kavy. Coimnander iv. K. 
Wilson gives s<inie pertinent facts on air-cooled avialimi engines which 
vKonld he cd general inlercst. especially as they are from an nut'rejiuliced 
source, having at the time <d piildicalioii no eommercini interest in the 
promotion id sntli engines. Ommiander Wilson slated that in the devclop- 
tiiciit of iiav«al aircraft, the weight per Uors*'po\\er of ihe aircraft engine is 
manifestly »*f the greatest importance, 'riiis weight is inijxirtanl not only 
hecau.se of itself hiil also In'cause. in any airjjlane, the weight of the power- 
plant is reflected hack into the w'eight of tlie slnictnre. The heavier the 
engine is fora given power, the greater the wing-area necessary to support 
it becomes and the greater the weight (d the slnicUire to withstand the 
lr>ads. Carrying this ihonglil a liulc farther, we find that the fuel-economy 
of an aircraft engine is of great inipc»rtaiice. 'I'he h>wer (lie specific fuel- 
consumption is, the less is the quantity id fuel required ff»r a given range 
and the less is the tankage capacity required to contain the fuel. This 
re<luction in fuel quantity and in lank weight is likewise reflected back 
into the strurlurc- 

A brief conqiarison of iKwvcrplanl weights between water-cooled and 
air-coolcd engines slnnvs that the water-cooled powcrplani is heavier than 
the air-cooled powerplatit by at least (he weight of the c<Kjling*systeni. 
This averages roughly 0.6 ^xjuiids per horsepower. The elimination of this 
cooling-system constituted the first jHiinl of attack after we had reduced 
the weights of the bare engines to what looked like the intniintim consist¬ 
ent with reasonable dependability and durability. Again, since a careful 
analysis of engine failures indicates that a high percentage of the trouble 
is due to faults of the plumbing system, that is. to the fuel, the oil and 
the water pipe-lines, it is obvious that the elimination of one of these pipe¬ 
lines results in the elimination <d alxmt one-third of our troubles. The 
air-cooled engine is attractive, then, iml only from its low piiwerplant- 
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weight per horsepower but also from its complete elimination of the 
troublesome watcr-cooUng system. 

Air-Cooled Engines in Pursuit Planes.—To demonstrate the possibili¬ 
ties of air-cooled engines in fighters, the Bureau of Aeronautics of the U. S 
Navy has been conducting airplane tests with air-cooled engines insta]]c<l 
in high-speed aircraft. I'hc Wright Apache airplane, a single-seat fighter 
equipped with the Pratt & Whitney Wasp engine, is a good example of 
what can be expected of an air-c<K>1cd engine installed in an airplane es¬ 
pecially designc<l U* accommodate it. TWia airplane shows speeds at least 
equal to tho.se of the \Yatcr-ccK>lcd fighters and a climb and a ceiling which 
are definitely superior. 



Pig. 246.~Pioncer Air-Cooled Engine Designer, Mr. Anzani of Paris. Testing an Early 
Five-Cylinder Air-Cooled Radial AvUtion Motor. Installed in a Bleriot Monoplane. 
Note Exposure of Cotnpleu Engine to Propeller Slipstream and High Parasitio 
Resistance of Engine Mounting and Front End of Fuselage in Early Forms. 


As a further test, Pratt & Whitney Wasp engines have been installed 
in Curtiss and in Boeing fighters designed originally for the Curtiss D12 
water-cooled engine. In such makeshift installations we must accept some 
handicaps. Installation of the Wasp engine in the Curtiss fighter results 
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in a reduction in weight of 240 pounds, which corresponds exactly with the 
weight of the cooling-system of the original airplane; however, the engine 
must be installed farther ahead to maintain the balance, and this results in 
a slight increase in mounting weight. The reduction in |>(>werplant weight 
reduces the landing-speed of the nir-ennied fighter. If now we correct air¬ 
cooled fighter performance up to the landing-speed of the water-cooled 
airplane, we find llicir high s])ec(lH aKmt etpuiL When we take these dif¬ 
ferent installations and reduce them all to the same common denominator, 
we find that the air-cooled fighter is almost exactly equal to the water- 
cooled machine of equal iHiwcr aiifl that it aUains this performance on a 
ten per cent reduction in gross weight. 

In other words, the air-c<»oled engine has ciitercil the pursuit field de¬ 
finitely to challenge the waUT-cooleil engine, am! this l>rings to mind the 
fact that <nir interest in racing has focused aUentinu n|KiM high speed at sea 
level as one of the imjwtani charuclerislics of an airplane. Manifestly, 
what we are interested in. particul.irly as laTiaiiis to fighters, is perform,ance 
u 1 the fighting altitude rather than at sea level, and here the air-cooled 
engine should have a decided a<lvauiage. The later ty)»cs incorpcjrate a* 
ndary distrihutum-systeni which gives some supercharging at sea level and 
tend.s to maintain the mean cfTecllvc jwessure with increase in crankshaft 
s|)eed. Performance at altitude is the proper criterion in com)>aring fighting 
aircraft. The Hiireaii of Aeronautics acts as a liai.son between the i»perat- 
ihg squadr<ms of the ficcl and the builders of the engines. It encourages 
c riticisms on the part of the fleet of the machinery furnished. It has oh- 
rained intelligent recommendations from the fleet and has transferred them 
to the engine huiidcr. As a result of this highly co-operative effort between 
the operating sejuadrons. the linreait <»f Aeronautics and tlte arrcraft-englne 
builders, we have today Ixith air- and water-cooled engines which are cheap 
when measured liy any or all of the requirements for aircraft engines, 
These requirements «nrc (</) l<»w weight per horseixnver, {h) high economy 
in fuel, (r) maximum <lcpeii<Jahilily, (t/) maximum durability, (c) maximum 
case in maintenance, (/) minimum cost, and (/;) easy adaptability to quan¬ 
tity production. 

Commander Wilson States.—We arc accustomed to think of air-cooled 
engines as radial engines anti of water-cooled engines as in-line engines. 
There are such things, however, as water-cooled radial-engines and air¬ 
cooled in-line engines. In Navy development we have pTeferrc<l the radial 
to the in-line air-cooled engine for a numlK*r cjf reasons, 'bhe short compact 
radial engine makes possible superior visibility for deck landings and bomb 
dropping, which is a fundamental requirement for naval aircraft. By vir¬ 
tue of its compactness, the radial engine has sup€ri<ir weight-per-horse- 
power characteristics, other things being equal. The in-line air-cooled 
engine may permit higher crank shaft-speed but. for our particular purposes, 
the radial engine seems more suitable. To date, the argument between the 
radial engine and the in-line air-ctKiled engine Is purely academic and it will 
not be solved until in-line air-cooled engines have l>cen developed and an 
actual comparison made. Basically. It \s rm|K>rtani to rememl>er that com¬ 
pactness is a fundamental requirement for lt>\v weight. In general, a sphere 
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constitutes the optimum form from this viewjxjiut. Our radial engines, 
even when fitted with superchargers, approach this sphere in general form, 
while the in-line engines approach ihc scpiare prism. In sizes up to at Icasl 
600 horsepower we prefer the radial engine. 

“It will l)e sect! that, insofar as air-ciM)led engines are concerned, we are 
rapidly (»btainiiig a variety <if air-cn(»led engines which will meet must of 
our requirements. The large air-cooled engines arc now e(]iiipped with 
two to one rednclion-gears and can he installed with geared or with direci 
drive in twin-engine palnd-airplanes. Jn devcloinng the line of Pratt ^ 
Whitney engines the Naval Rurean of Aeronautics has kept in mind the 
desirability of inlerchangcahility tif parts lictween the engine types. In llw 
two sizes of fVatt iS: Whitney engines, the two rear-ends are interchange¬ 
able. The advantages of this feature frrmi the vicwptnnl of inainlcnancv 
and operation are evident, It is our desire to extend the plan even farther 
so that all three engines will be as nearly interchangeable as their size will 
permit.“ 

QUKSTIOXS FOk kFVIFAV 

I. Why arc cnKine nK»lni|j s\s(eni** m*ci***'*ar> * 

2 Why IS ii nn)M(rtain ii> mince luck-nres'iiri in cn«iiic csitansi svsum' 

3 Art* airpl.iiu' riinMir innltU rs iir.iciirijl ' 
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(i Give si»inc of iIh- pHwj tc.ilnrrs of water ctHthn^ 

7. Outline I wo sysIt’TiK of walrr ernditn; 

8 Why is radiator lyin* and nUemK an iniintrlani jHuiii to coiishlcr' 
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AIRCRAFT ENGINE CYLINDER CONSTRUCTION 

Methodf of Cylinder Construction—Block Castings—Cylinder Grouping Influence on 
Crankshaft Design^Combustion-Chamber Design—Water-Cooled Cylinder De¬ 
velopment—Wet Sleeve Construction—Valve Location—T Head Cylindere— 
L Head Cylinders—I Head Cylinders—Concentric Valves—Valve Operation- 
Methods of Driving Camshaft—Valve Springs—Valve Spring Surge—Pour Major 
Contentions—Packard Multiple Cluster Valve Spring^^pringless Valvea—Knight 
Sleeve Valve Motor—Valve Design and Construction—Gas Velocity Effect on 
Power—Four Valves Per Cylinder—Valve Gears—Valve Gear Enclosure—Pack¬ 
ard Oil-Cooled Valves—Bore and Stroke Ratio—Meaning of Piston Speed- 
Aviation Engine Crankshaft Speeds—Crankshaft Vibration Limits Speed—Inertia 
Forces Increase With Speed—Bearings Heat at High Speeds—Offset Cylinders. 

The i 111 pnivemfills iinted in (he iiuHlern inlernnl-ctfnihuslion inolors for 
aircraft have hccii due in many oimhiinns. 'i’hf cnnlhitial exi>erimcntinff 
liy lca<liii;; mcclianical iiiliitls cnnhl have hut one iiltiinaif resnll. The i>arls 
nf the engines have Iktii li^lUcncd and strenj^lltcned. and power 

has hoeii ol)taincd wilhnnt inm*a«in^^ pivinn flisplaconient A careful study 
has l^ecu made of the iiianv c<nHliti<m.s which make for efficient motor 
action. %'iu<l llnil the main iimiclples are well recn|r^ti;rpcl hy u1l enj^ineers is 
well shown hy the standarrliKation of desi;ni noted in modern powcrplants. 
Tliere arc many diflmml iiielhmU of applyinj; the same principle, and it 
will he the inirpo>e this chapter to define some of the ways in which 
die construction may he changed and still achieve the same results. The 
various componcnls may exist in main tlifTerciit forms, and all have their 
a<lvantages and disadvantages. Thai all melhiMl.s <lfscrihcd are practical 
is best eviilcnccd hy the large numher of successful engines which use 
ra<lic<illy different ilesi^jns. 

Methods of Cylinder Construction.—One of the most important parts of 
the gasoliiie-engiiic ami one that has maienal hearing upon its efficiency is 
ihe cylin<ifr unit. The ty|>c <»f coiistrnctroa followed is influenced hy a 
numher of considerations, the most ini|»»rtanl being the method of cooling 
employed. 1*he cylinders may he cast ludividuaMy as when air-cooled or in 
pairs, and it is possible to make all cylinders a unit or block casting as is 
invariably done in automobile practice though it is varied in detail in avia¬ 
tion engine practice. Some typical iiuihotls <»f cylinder construction arc 
shown in accompanying ithust rat urns. The appearance of individual cylin- 
<lcr castings of walcr-ciM>lcd form may be ascertained liy cxaininaticm of 
the early Hall-Scott airplane engine. Air-coolcd engine cylinders are al¬ 
ways of the individual pattern. 

Considered fnnu a purely theoretical jKiint of view, the individual water- 
cooled cylinder casting has much in its favor. It is advanced that more 
uniform cooling is possible than where the cylinders are cast either in 
]>airs or three or four in one cabling- More uniform cooling insures that 
the expansion or change of form due to heating will be more e<|ual. This 
is an important condition because the cylinder bore must remain true under 

m 
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ail conditions of operation. If the heating effect is not uniform* which con¬ 
dition is liable to obtain if metal is not evenly distributed* the cylinder may 
become distorted by heat and the bore be out of truth. When separate cast 
cylinders are used with integral water jackets it Is possible to make a uni¬ 
form water space and ha\e the ecKding liquid evenly distributed around the 
cylinder. In inuttiple-cylinder castings this is not always the rule* as in 
many instances, especially in four- and six-cylinder block motors where 
compactness is the iiiaiii feature, there is but liltic space between the cylin- 



Core'print epaning 


Pig. 247.—‘Illustration Showing Method of Catting Six-Cylinders and Integral Water 
Jacket in Aluminum Alloy UKd by Hiapano-Sulta Engine Manufacturers Note 
Inserted Steel Sleeve Ponning Retention Members, Because the Base Flange Is Part 
of the Liner. View at A Shows Two Sleeves Presed in Place, and One Partly in 
Poaition. Tbs Side Views at B and C Show the Large Openings Available for Core 

Print Support when Casting. 
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ders for the passage of water. Under such circumstances the cooling effect 
is not even, and the stresses which obtain because of unequal expansion 
may distort the cylinder to some extent. The system of construction fol¬ 
lowed in Hispano-Suiza engines and shown at Fig. 247 is exceptionally 
good. In this the cylinder and head b]<»ck is cast of aluminum alloy with 
liberal openings left in the Mock to permit of excellent core support when 
casting and insuring uniform cored out water spaces. The cylinder liners 
are of steel, screwed in place. The core print support openings are closed 



OO'OO oo 




Side View 


Fig. 24a.~Viewi of Early Pour-Cylinder Deusenbers Airplane Engine Cylinder Block. 

in by plates when the cylinder is completed. When steel cylinders are made 
from forgings, the water jackets are usually of copjwr or sheet steel at¬ 
tached to the forging hy autogenous welding; in the case of the latter and, 
in some cases, the former may he electrn-det>OKited on the cylinders or 
brazed in place. 

Block Castinga.*—The advantage <»f casting the cylinders in blocks is 
that a motor may be considerably shorter than it would be if individual 
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castin^fs were used. It Is admitted that when the cylinders are cast together 
a more c<nTiiiact, rigid, and stronger |M'»vvcr|>tant Is oldained than when cast 
separately. There Is a disadvaiilagc, lioweser, when the cylinder liners arc 
cast integral with the hl(K*k or of the same material, as when cast Iron is 
used, because if one cylitider becomes damaged it will he necessary to 
replace the entire unif, which means scrapjMiig three or more good cylinders 
hecanse one of the asseniMy has failed. When the cylinders are cast sepa¬ 
rately one need only rejdace the one that has become damaged. The casting 
of four or more cylin<lers in one unit i.s made posMhle hy improved fouiidrv 
methods, ami when jjrnper jirovislon is made for holding the cores when the 
metal is jiuiired anrl the cylimler cast.s arc good, the construction is one of 
distinct merit. It is sometimes the case that the pro|>ortion of sound cast 
ings is less when cylimlers are cast in hh»ck. hut if the proj»cr precan lions 
are observed in moulding ami ihc proper mistnrc.s of cast iron ur altmiinmn 
alloy arc nsc<l. llic ratio of defecii\c castings is said to he hut slightly inoti 
than when cylinders are inonUled imlivKlually. As an exanijdc of tlic 
courage of eugint'crs in departing' from iihl‘Cstal)lishe<l ndo. the cylinder 
casting .shown at Kig. 248 may he emwidered tyincal. This was used on the 
Dueseiiberg' hmr-cylimler six teen-valve 4;'i-inch hy 7-inch engine which had 
a ])islon dis)>lacenient of 4'X> cnhic inches. At a .sj>ce<l of 2.(Xll) r.p m,, corre¬ 
sponding to a jiistou speed of 2.4125 feel ]'cr minute, the engine tvas guanin 
teed to develop 125 horsejiower. The weight <d the nioclel engine without 
gear reduction uas 4.ki poiimlN. hut a n mu her of rermeinents were 
made in the tlesigm whereby it was oxj^ected to get the weight down to 4 VXI 
pouncls. Tin? four cylimler.s were cast from seiiii-steci in a smgic block, with 
integral heads. The cylinder constnicllon is the same as that which has 
always been iisc<l bv Mr. Duesenherg. inlet and exhaust valves being ar- 
rang'cd horir.unlally (»pjH»sile each oilier in the head. There arc large u])vii* 
ings in llic water jacket at both sides ami at the ends, winch are closed hy 
means of ahimintmi c<»vers. wuler-lighiiiess being secured by the use of 
gaskets. This results in a saving in weight because the ahitninuiu covers 
can be made cmisiderably lighter than it wotild he ]K»sMble to cast the jacket 
walls, and. besides, it permits of ohlaining a imire nearly uniform IhickiU"" 
of cylin<ler-wall. as the cores can be much belter supjiorted. 'I'hc cooling 
water passes coni]delely around each cylinder, ami there is a very consi<ler* 
able sj>ace between the tw'o central c\ limJers, this being made necessary in 
tjrdcr to get the large bearing area dc.sirahle for the central hearing. 

It is conimou aiitoniolive engine jiractice to ca^t the water jackets in- 
tcgral with the cyhiulers. if cast inm or alnmiiium is used, and this is also 
the most economical inetluHl of ap]dying It because it gives good results in 
practice. In aviation engines, h<i\vcver, the use of cast iron or semi-steel 
cylinder blocks is now ultsolctc mid where block castings are used, they 
are of aluminum allov with inserted cvlimicr liners. 


An important detail is that the w'ater spaces must be proportioned so 
that they are equal around the cyllmlers whether the.se memhers are cast 
individually, in pairs, threes, fours or sixes. When cylinders are ca-^^t in 
block form it is good souikI jiracticc to leave one or more large openings in 
the jacket tvall \shich will assist in sutqxirling the core and make for uni- 
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^orm water space. It will be noticed that the casting shown at Fig. 248 has 
a large opening in the side of the cylinder block. These openings are closed 
after the interior of the casting is thoroughly cleaned of all sand, core wire, 
etc., hy bras.s, stamped steel or ahnninuni plates, the latter being preferred. 
Tlic>.c also have particular value in that they may be reim»ved after the 
niotf^r ha^ been in nse. thus jierinilling one to clean out the interior of the 
uater jacket and <lis)Mise of tlic rust, scdtmeni, and iiicriiMalion which arc 
always present after the engine has lH*en in active s<*r\icc for a time and 
nlnch interfere with pruiicr thermal CimdnctivJty of the heat from cylimlcr 
metal to tlic ciKding Inpiid. 



Fig. 249.—Showing Method of IntUllbg a Six-Cylinder Block Casting on Curtiss 

D12 Engine. 

Among the advantages e1ainie»l fur Uic practice of casting cylinders in 
blocks nia> be hienticmed efiiiijKictnc'S ligblnes^, rigidity, simplicity of 
water piping, as well as permitting tbc um* ui simple forms of inlet ami 
exhaust manifolds because ibe gas passages may Ijc cored into the casting. 
Tlie light weight is not only due to Ibe reduction of llie cylinder mass but 
because the bl()ck construction permits one to lighten the entire motor. 
The fact that all cylinders are cast logclhcr decreases vibration, and as the 
construction is very rigid, disaligtimonl <if working |>arls is practically elim¬ 
inated. When inlet and exhaust manifold.^ are cored in the block casting, 
as is sometimes the case, hut one joint is nee^MI cm each of these instead 
of the multijdicity of joints which ol)tahi when the cylinders are individual 
castings. The water piping is also simplified. In the case of ,i four- or six- 
cylinder block motor but two pii>es arc used; one f<»r the water to enter 
the cylinder jacket, the other for the celling liquid to discharge through. 
In aviation engine practice, most designers favor tbc imlividual cylinder of 
built up or composite construct ion ibougb there arc several notable exam- 
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Fig. 251^Twin>CyUnder BI<Kk of Early Slurtevant Engine mu Cast of Aluminum and 
Had Removable Cylinder Heads and Inserted Cylinder Liners. 

))l€S of the use of cast nliintiritim water jacket and c> tinder head blocks and 
inserted steel barrels, which aflcr assembly are handled just as an auto 
online cylinder block casting would ?>c as shown al Pijr. 249. 

Influence on Crankshaft Design.—The nicthcKl of castiiij; nr jjroupiug 
ihc cylinders has a iiiaierial itiflncncc on the desi^rn of the crankshaft as 
will be shown in proper sci|uencc. When ftmr cylinders arc conibino<I In 
cine block in automobile engines it is |K»ssfble to u>c a two-bear in j; crank¬ 
shaft or ii three-hearing: shaft. Where cylinders are cast in pairs a three- 
bearing crankshaft is cotnninnly su]»p1ied. and when four cylinders cast as 



Rig, 2^.^AIuminum Alloy Cylinder CitHng of Early Thomas 150 Horiapower Air¬ 
plane Engine waa of the L Head Type and Had Hard Meta) Liners Ineerted to Take 

Piston Wear. 
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indivklual units are used il is thuu^kt necessary to supply a five-beariujr 
crankshaft, thmigh soiiictnncs shafts having hut three journals are used 
successfully. Ohviiinsly the shafts jutiM he slnniRer and slIfTcr to with¬ 
stand the stresses iiii|H»setl if two su]i]KjrliTi^ hearings are used than if a 
Inr^jer nnmher arc cmfdoyed. In this conneetkm ti may he slated that there 
is less difficulty in soenrin^ ali^nineut with a Icsscr number of bcaring.s 
and there is alsi» less friction i )n the <»thcr haiul, the greater the number 
td points <if snp|iort a crankshaft has the Ip^htcr the wcIjs can be made ami 
still have roijuisilc* strength. It is cinninon practice in a\ ialion engines 
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Pif^ 253.~Traiuverse Sectional View Through Cylinder! of Liberty Airplane Engine, 
a Good Example of the *'Vee** Water-Cooled Type Having Overhead Valvea. This 

Engine ia an Obaoleecent Deiign. 
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Fig. 254.—Transverse Sectional View of Hispano-Suiaa Aviation Engine, Showing 
How Steel Liner is Installed in Cast Aluminum Alloy Cylinder Block. This Type 
of Construction is Known as a ^Dry Liner’* Because no Water Comes in Contact 

with it. Note, also. Crankcase Construction. 

use the intlividual cylintltT ciHislructiim ancl this calls for ustii" a hcarinjf 
(iclwccu each |»nir of o liiulcrv. shown at Ftp. 250. which is a longitudinal 
sectional view <if the Fiat A20 engine, in order to use a light crankshaft 
which IS essential in such motors. 

Combustion-Chamber Design.—Another j»oint of inifjortancc in the de¬ 
sign of the walcr-c<M»l(*cl cylinder, and <mo which has considerable influence 
uijcm the iH)\vcr <lfveh»j»eil. 1 hough not to great a degree as in uir-coolcd 
cylinders, is the sha|»e of the coinhusiifni-chaniher. 'rhe endeavor of design¬ 
ers is to obtain maxim inn j>o\vcr from a cylinder of certain i)roportions, and 
the greater energy ohtaineil without increasing piston <1is])laceinent or fuel 
consumption the higher the oflictrncy of the motor. To prevent troubles 
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due to ])rei^ition it is necessary that the combustion-chamber be made so 
that there wilt be no routrhness, shat]) corners, or edges of metal which may 
remain incandescent when heated or which will serve to collect carbon de¬ 
posits by providing a ijoint of anchorage. With the object of providing an 
absolutely clean combustion-chainber some designers used a separable head 
unit to their twin-cylinder castings, such as shown at Fig. 251 and Fig. 252. 
These permit one Xu machine the entire interior of the cjdinder and combus¬ 
tion •chamber. 't he relation of valve location and coinbnstinn-chamber de¬ 
sign will be Considered in profier sequence. These cylinders were cast of 
aluminum, instead of cast iron, as was customary in contemporary auto- 



Pig. 2$5.—Transversa Part-Sectional View of Fiat A20 Aviation Engine Showing 
the Wet Liner Type ctf Cylinder Conitructiea Note UniforiD Water Space Poaaible 

by Using Applied Water jaeketa. 


water-cooij:d cylinders 
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mobile engines and were provided with steel or cast iron cylinder liners 
forced in the soft metal casting bores. The con.struction outlined is now 
obsolete and practically all aviation engines of recent development use steel 
forged cylinders with applied water jackets to secure maxinium lightness 
as shown in the sectional view of the Liberty engine at Fig. 2.S3. 

Water-Cooled Cylinder Development.—There «arc two generic types 
from which modern water-cotded cylinders have been evolved, the dry 
sleeve and the wcl sleeve types. The early cylinder construction used on 
Hispanu-Suiza engines, consisted of flanged, closed end steel sleeves 
threaded into an alniniiium block, as shown at Fig. 254. It has been stated 
that this engine could not be o|>cratc<l for more than 30 hours at full throt- 
lie without valve grinding. An improved cylimlcr c<mstruction was used 
on the Wright E3 motor and is similar to the form used on the E2 engine 
except that no threa<ls are usc<l on the sleeve, which is a force shrink fit 
ill the aUimininn water jacket block. The sleeves were held in position by 
studs in the top of the sleeve which passed through the t<ip of the block. 



Fig. 256.—Pormi of Cylinders Used in Practical Water-Cooled Aircraft Engines. 
A—Cylinder of Liberty Engine. B—Curtiss Wet Sleeve Construction. C—Packard 

Cylinder Construction. 


This construction was not as good theoretically as the threaded sleeve be* 
cause not as much surface was in contact with the aluminum jacket wall, 
but it gave good results in practice. In all these types, the valves seated 
in the top of the steel sleeve as shown. The last form to be used in Wright 
engines was one in which the cylinder sleeve is screwed tightly into a cast 
aluminum alloy cylinder block which has the heads cast integrally. The 
valves seat into bronae inserts in the aluminum alloy head ju.st as in air* 
cooled composite cylinder practice. The sleeve screws lightly into the 
block and seats against a shoulder in the aluminum combustion head. This 
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method of construction is known as the “dry sleeve** cylinder, and was orig¬ 
inally used hy the designer of Ilisiiano-Suiza engines. Mr. Marc Birkigi. 
a Swiss engineer assoeiatod with a Sjianish automolnle manufacturer. Ii 
is called the *‘dry sleeve*’ hecause the water did n<d come into <lirect contact 
with the cylinder liner as in the form known as the "wet sleeve ” and shown 
at Fig. 255. The c<»<>ling effect is more <lirect in a “wet sleeve” cylinder 
than in a “dry sleeve*’ tyj)c. 





Pig. 257.-^Transverse Sectional View of Fiat A20 Aviation Engine. Showing Methoc) 
of Valve Actuation by Side by Side Camahafta and also Outlining Clearly Cylinder 

and Crankcase Construction. 

Wet Sleeve Constniction.— -The other melhorl nf cylinder construction 
is called the “wel sleeve” and various cylinders have hcen experimented 
with as shown at h*ig. 256. That at A is the well-known Liberty engine 
cylinder. The design shown at B is a Cnrliss construction in which a closed 
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end sleeve is threaded inta an aluminum combustion head block, aiul the 
water jacket is comjilcted by anotlier casting; bcdlcd to the ccimbiistion head. 
A watertight joint is <»btaiiic<l by a rliij' of tracking material at the bottom 
of the sleeve. Attention is direclc<l lo the heavy section needed around the 
holts at the retention flange when alnniiuiiin alloy is use<l instead of steel 
for the water jacket block. The cylinder shown nt Fig. 25f> C is the final 
lype evolved as a result of ninch study ninl practical testing by the Packard 
engineers. Facb block is c»'iiiiu»x<*d of .six iiulividnal cylinders attached to 
a single aluminum cashng that termed the valve-bou.sing. The indivi^lual 
cylinder is composed of a drawn-steel sleeve \\elde<l to a barged com bust iou- 
clianiber head machinerf complelely. ninl having a bcad-jdutc and a sliect- 
inrtal water jacket weMcil into place. Ivacli cyliinler is prt>vidril with four 
salves, short valve*ports being formed integral wilb llie cyliii<ler. These 
\alvu-]>orts arc accuiately bollow-iuilled on their outer surfaces; and the 
liead'jdate is bored so as to b>riii a pressfit over the valvc-l»orts. the jdatc 
seating on slumlders s<» as t‘» pnivifle aluml three-eighths inch water-space 
above the combiistion-ebaniber. 'I’be eybmler he.'ul is jirovnlcd with five 
bosses into which are screwed long sJnds for .supporting the valve-housing. 
The sparkplug bosses are fortn<*d int<‘gral with tlic c<mifmslion-cbain1>cr. 
The cylimicr retcutioii Ibuige is so jdaced that the cylinders project into the 
crankcase. A European mndilitalion <if the “uct sleeve*' cimslnictiou of 
the l.ilierly c>linder is shown at h'lg 2S7. which is a transverse section of 
Mie Fiat A20 avialnui riigine. 'fins c\lnir|er dUTers foun the l.ibcrty in the 
fnrni of the coiiibusiion-elianiber au<l in the system c*f valve actuation, the 
latter heing^ the method used in tins conntry on ( ’nrtiss Dli engines. 

Valve Location.* It has often lieeu said that a chain is no stronger than 
Its weakest link, and this is as true of the c.vpiosivc imUor as it is of any 
other piece of meebatiisni. Many motors which apjiear to be cvcclleiuly 
designed and winch were well const meted did tml prove satisfactory be¬ 
cause some minor tlctail <»r part had not been properly cf>nsiderc<l by the 
designer. A factor having malcnal bearing uimui the elliciency of either 
the air- or \v'atur-coule<l luternal-combnstion motor is the locatum of the 
valves and the sha]»e of the c<mibusiuni-ehatnl»er which is largely influenced 
by their placing. The fundamental consuleratiim of higli speeil engine 
valve design is that llir gases be adiuilled and <lischurgr(l from the evlinder 
as i|uickly as possible in orrier that the sfM'ed of gas (low will lU/t Ije im- 
lu'ded and produce back-pres>un\ *J*hts is imperative in obtaining^ satis¬ 
factory o])cralion in any f<»rm of motiir. if the iiilcl passages arc con- 
''tricted the cylinder wuM ni>t 111! with explosive mixture i‘roiniilly. whereas 
• f the exhaust gases aic m*t fully expelled the iiarls t>f the inert pr<jducts 
of combustion retained dilute the fresh charge, making it slow burning and 
causing lost jKiwer and overheating. When an engine employs w'atcr as a 
cooling medium this substance will absorb the surplus heat readily, and the 
effects of ovcrlientmg are not noticed as ijiiickly as when air-ciM>lcd cylin¬ 
ders arc employed. \*alve si/es have a derided bearing upon I lie .sjrecd of 
motors and some valve locations ]KTnirt the use of larger members than do 
'dher positions. 

While piston velocity is an im|H>rlant factor in ilcteniiinatioiiR of power 
output, it must be considered from the as|icel of the wear prtxluced upon 
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the various parts nf the motor. It is evident that engines which run very 
fast, especially o( high jH)\ver. must be under a greater strain than those 
operating at lower .speeds. The valve-operating mechanism U especiall}' 
susceptible to the influence of rapid movement, and the slower the engine 
the longer the parts will wear and the more reliable the valve action. 



Pig. 25S.^Diagramfl Showing PormB of Cylinder and Combustion-Chamber! De¬ 
manded by the Valve Placing. A—Tee Head Type. Valves on Oppoute Sides. B— 
L Head Cylinder, Valves Side by Side. C—L Head Cylinder; One Valve in Head, the 
Other in Side Pocket. D^Inlet Valve Over Exhaust Member, Both in Side Pocket. 
£—Valve in Head Type with Vertical Valves. P^lnclined Valves Placed to Open 

Directly into Combustion-Chamber. 

T Head Cylinder.—As will be seen by reference to the accompanying 
illustration, Kig. 258. there are many ways in which valves may be placed 
in the cylinder. ICacb inellio<l outlined jHis.sesscs some jHiint of advantage, 
because all of the types illustrated are used by reputal)le automotive engine 
manufacturers. The metlu»d outHiietl at Fig. 258 A is now seldom used, 
and because of Us shape the cylinder ts known as the '*T" form. It was 
approved for aatouiubilc and marine engine use for several reasons, the 
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most important being that large valves can be employed and a well- 
halanced and symmetrica! cytimlcr casting obtained. Two independent 
camshafts arc needed, one operating the Inlet valvcs» the other the exhaust 
members. The valve-operating mechanism can be vcr>' simple in form, 
consisting of a plunger actuated by the cam which transmits the cam mo¬ 
tion to the valve-stem, raising the valve as the cam follower rides on the 
point of the cam, Pijdng may be placed without crowding because only 
cine pipe assembly need be placed <m each side and larger manifolds can 
he fitted than in some other constructions. This ba.s sjiccial value in large 
marine installations as it jicrmits the use of an adequate discharge pipe 
t)ji the exhatist side with its obvious advantages, This method of cylinder 
construction is never found on airjdane engines because it docs not permit 
of maxi nut m {lower ont|iut though it docs have a high volumetric efficiency. 

If considered from a viewjioint of jichial heal cfliciency, it is theoretically 
the worst form of combtistion-chauiber, 7'his disatlvantagc is probably 
compensated for to some extent by nnibirmity of expansirm of the cylinder 
because of balanced design. The ignition spark{dug may be located directly 
over the inlet valve in the {>ath id the inconung fresh gases, and both valves 
may he easily removed and inspected by unscrewing the valve caps with¬ 
out takings olT the maiiifoldN. Carbon removal is also fiossildc without call¬ 
ing for a sqiarnble head casting as scrji|>crs arc easily introduced through 
the targe ]H>rts. This is an advantag^c of some importance in large marine 
engines, 

The valve histallation shown ai C is somewhat unusual, though it pro¬ 
vides for the use of valves of large diameter. Hasy charging is fnsured 
because of the hirgc iulci valve directly in the top of the cylinder. Con¬ 
ditions may be reversed if necessary, ami the gases discharged through this 
large valve, lloih ineth<»ds have been used, though it would seem that the 
free exhaust pr<»vi<led by allowing the gases to escaiie directly from the 
ccmi bus lion-chamber through the overhead valve to the exhaust manifold 
would make for more power. In the Hudson automobile engine of most 
recent dcsigni. this construction is used though the inlet valve is placed in 
the head wliile the cxhnn.sl vaKr is m the side pocket. The luclhod out¬ 
lined at b*ig- 258 F ami at big. 253 is one (hat has been widely employed on 
large automobile racing motors where extreme |>ower is required, as well 
as in engines conslrncleil for aMation service. The inclmalion of the valves 
{icrmits the u>e<d large valvc.s, and these o|icn directly into the combustion- 
chamber. There arc no {uickcts li» retain heat or dead gas, and free intake 
and nutlet of gas is obtained. Tliis form is quite satisfactory from a theo¬ 
retical point of view becau.se of the almost ideal combustion-chamber form. 
Some difficulty is expeneuced, however, in properly water-jacketing the 
valve chamber which exjiericnce ha.s shown to be neces.sary if the engine 
is to have high power and to he of the water-cooled form. 

L Head Cylinder.—The motor shown at Fig. 258 B and Fig. 252 employs 
cylinders of the ty{ic. Both valvc.s arc placed in a common extension 
from the combustion-chamber, and being located sifle by side both are ac¬ 
tuated from a common camshaft. The inlet and cxhau.si pipes may be placed 
on the same side of the engine and a very compact assemblage is obtained, 
though this is optional as the manifolds may be {daced on 0{ip05ite sides if 
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Ft^ 7SQA.—Results of s Series of Tests Tabulated by H. R. Ricardo Showing Influence of Combustion*Chamber Form on Fffi 
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passa^s are cored in the cylinder pairs to lead the (^ses to opposite sides. 
The valves may be easily removed if desired, and the construction is fairly 
^ood from the view}K>int of both foundry man and machinist. The chief 
disadvantage is the liinilatioii to the area of the vahc.s and the loss of heat 
efficiency due to the pocket. Thi.s form of coinhuslion-chamhcr. however, 
is more efficient thermally than the ‘*T** hca<l construction, ihcmgh with 
the latter the use of larger valves probably compensates for the greater 
heat loss. It has been .slated as an advantage of this coiistrnction that both 
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Fig. 259.—Sectional View of Early Buick Automotive Engine Cylinder, Showing Valve 
and Cage Initallation. A Construction Now Used Only on Large Marine and 

Stationary Engines. 

manifolds can be placed at the same side of the engine and a compact as¬ 
sembly secured. On the other hand, the disadvantage may he cited that in 
order to put both pipes on the same .side they must he of smaller size than 
can be used conveniently when the valves arc oppositely placed. The 
form cylinder is sometimes made more efTicient if but one valve is placed 
in the pocket while the other is placed over it. This construction is well 
shown at Fig. 258 D and was foiiixl on early Anzani motors. 

The metho<l of valve application shown at Fig. 2.S3 is an ingenious 
method of overcoming some of the disadvantages inherent with valvc-in- 
thc-hcad motors. In the first place il is possible to water-jacket the valves 
thoroughly, which is difficult to accomplish when they arc mounted in 
cages as is sometimes done in other automotive applications distinct from 


















576 


MODERN AVIATION ENCINKS 


aircraft as illustrated at Fig. 259. The water circulates directly around the 
walls of the valve chambers, which w superior to a construction where 
separate cages are used, as there are two thicknesses of metal with the lat- 
ter, that of the vaivc-cage proper and the wall of the cylinder. The cooling 
medium is in contact only with the otiicr wall, and as there is always a loss 
of heat conductivity at u joint it is practically impossible to keep the ex¬ 
haust valves and their seats at a uniform iem|>eraturc. The valves may be 



Fig. 260.»Diagram< Shewing How Gat Enters Cylinder Through Varying VaJve 
Typei. A—**Tee" Head Cylinder. E—L Head Cylinder. C—Overhead Valve. 

of larger size without the u.sc of i>ockels when seating directly in the head 
as in the construction shown at Fig. 251. In fact, they could be e^ual in 
diameter to almost half the bore of the cylinder, which provides an ideal 
condition of charge placement and exhaust. When valve grinding is neces¬ 
sary the entire hea<l is easily removed by taking off some nuts and loo.sen- 
ing inlet manifold connections, and a similar operation would be necessary 
even if cages were employed, as in the engine shown at Fig. 259. )>ccati5c 
the cages must be removed. 

I Head Cylinders.—At Fig. 260 A and B a section through a typical “L* - 
shaped cylinder is depicted. It will be evident that where a pocket construc¬ 
tion it employed, in addition to its faculty for absorbing heat, the pas.4agc 
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rtf gas would be imf>eded. For example, the inlet gas rushing in through 
the open valve would impinge sharply upon the valve^cap or combustion 
head directly over the valve and then must turn at a sharp angle to enter 
the combustion*chamber and then at another sharp angle to hil the cylin¬ 
ders. The same conditions apply to the exhaust gases, though they arc 
reversed. When the valve-in-the*head typo ol cylinder is employed, as at 
C, the only resistance ofTered the gas ss in the manifold. As far as the 



Fig. zat.^Conventiorul Methods of Operating Internal-Combuetion Motor Valvei. 

A—Overhead Valve. B—Valve In Side Pocket. 

passage of the gases in and out of the cylinder Ls concerned, ideal conditions 
obtain. It i?> claimed that valve«m-the-head motors are more flexible and 
responsive than other form.H. but the cimstruclion has the disadvantage in 
that the valves must be opened through a rather complicated system of 
push rods and rocker arms if the camshaft is mounted in the engine base 
instead of the simpler and direct plunger which can be used with either the 
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“T'* or “L” head cylinders. This is clearly outlined in the illustrations at 
Fig. 261, where A shows the valve-in-the-head operating mechanism neces¬ 
sary if the camshaft is carried at the cylinder base, while B shows the most 
direct push-rod action obtained with “T*’ or “L*' head cylinder placing. 

The objection can be easily met by carrying the camshaft above the 
cylinders and driving it by means of gearing. The types of engine cylinders 
using this construction arc shown at Fig. 262 and it will be evident that a 
positive and direct valve action is possible by following the construction 
originated by the Mercedes (German) aviation engine designers and out¬ 
lined at A. The other forms at B and C arc very clearly adaptations of 
this design as arc the Liberty motor and Lorraine engine valve actions. The 



Tig. 262.—Examples of Direct Valve Actuation by Overhead Camshafts. A—The 
Originii Design Used on Mercedes Engines. E^HaU-Scott C^Barly Wisconsin 

Engine. 

Hispano-Suiza engine at I'ig. 2(i3 is depicted in part section and no trouble 
will be experienced in imderstandfng the bevel pinion and gear drive from 
the crankshaft to the fwerhead camshaft through a vertical countershaft. 
A very direct valve action was in the Duc.scnberg engines. The valve 
stems were parallel with the jnstou top and were actuated by rocker amis, 
one end of which Iwirc against the valve stern, and the other against the 
cam on the camshaft. The difTcrcnce between the Liberty valve action and 
that of the }Iis)ULnu-Suiza engines is in the method of imparting movement 
from the overhead camshaft to the valve stem. In the Liberty cylinder, 
shown in its relation to the rest of the engine assembly at Fig. 253, rocker 
arms are used, one end bearing on the cam, and the other on the valve stem. 
In the Hispano-Suiza engine shown at Fig, 263, the cams bear directly 
against large area members that also retain the valve spring screwed to 
the valve stems. S<nTietiincs two side by side overhead camshafts are used 
as shown at Figs. 2.S0 and 257. these ot>erating the valve stems by direct 
cam action. When this const ruction is employed one camshaft is driven 
by bevel gearing and drives the other by simple spur gearing as shown in 
inset in Fig. 250. 

Concentric Valves.—The form shown at Fig. 264 shows an ingenious 
application of the valve-in-the-head idea which permits one to obtain large 
valves, It has been used on some of the early Panh^rd aviation engines 
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and on the now obsolete American Aeromarioe powcrplanti^. The inlet 
passa^ is controlled by the sliding sleeve which is hollow and slotted so 
as to permit the inlet gases to enter the cylinder through the regular type 
poppet valve which seats in the exhaust sleeve. When the exhaust valve 
is operated by the tappet rod and rocker arm the intake valve is also carried 
down with it. The intake gas i>assage is closed, however, and the burned 



Fig. 2$3.^Longitudins] Sections! Elevation o( Eight*Cylinder "Vee" Engine, Sho^ng 
Method of Valve Actuation by Camt Acting Directly Againit Wear Pieces Carried 
by Valve Stems. This View also Shows Camshsft Drive and Cylinder Construction. 


gases are discharged through the large mnuilar passage surrounding the 
«lccvc. When the inlet valve leaves ile scat in the sleeve the passage of cool 
gas around the sleeve keeps the tenii>erature of both valves to a low point 
and the danger of waning is minimized. A dome-shaped comhustion- 
chaml>er may he used, which is an ideal form in conserving heal efficiency, 
and as large valves may be installed the flow of both fresh and exhaust 
gases may he obtained with minitnum resistance. The intake valve is 
opened by a small auxiliary rocker arm which Is lifted when the cam fol¬ 
lower rides into the depres.slon in the cam by the action of the .strong spring 
around the push rod. When the cam follower rides on the high i»omt the 
exhaust sleeve is depressed from it.s scat against the cylinder. ]ly using a 
cam having both positive and negative profiles, a single ro<l suffices for 
both valves because of its ])u$h and pull action. While a theoretical con¬ 
sideration of the concentric valve apjdication may indicate that there is 
considerable merit in this design, practical operating ex]K*rience showed 
that troubles from warping resulted and that the usual side by side valve 
construction was the most practical in actual service. 






580 


MODERN AVIATION K-NGINES 


Valve Operation.—The inethod^^ of valve operation commonly used vzxy 
according to the type of cylinder construct ion employed, In all cases the 
valves are lifted from their scats by cani’actnated mechanism. Various? 




Fig. 264A,*«Sectional Views Showing Arrangement and Inatallation of Novel Con* 
centric Valve Arrangement Devited for Early Panhard Engines. 


Fig. 264B.—Forms of Valve Lifting Cams Sometimes Employed. A*—Cam Provided 
for Long Dwell and Quick Lift. B^Typical Inlet Cam Used with Mushroom Type 
PoUowen. C^Average Form of Cam Used with Roller Followers. D—Profile 
Designed to Give Quick Lift» Suited Only for Slow*Speed Engines. 


forms of valve-lifting cams are shown at Fig. 2f>4- As will he seen, a cam 
consists of a circle to which a raised, approximately triangular member has 
l)ccn added at one jioint or as in radial engines where one cam ring may 
have a number of lobes spaced on its periphery as shown at Fig. 265. When 
the cam follower rides on the circle, as shown at Fig. 266, there is no dif¬ 
ference in height between the cam center ami its periphery and there is no 
movement of the ])]iinger. As .soon as the raised ]>ortion of the cam strikes 
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the plunger it wit) lift it, and this reciprocating movement is trajismitted 
to the valve stem by suitable mechanical connections. 

The cam forms outlined at Fig. 264 arc some that have been commonly 
used. That at A is used on engines where it is desired to obtain a quick 
lift and to keep the valve fully opened as long as |>ossiblc. It is a noisy 
form, however, and is not very widely employed except on slow-speed sta* 
tionary engines. That at B is utilized more often as an inlet cam while the 
profile shown at C is generally depended on to operate exhaust valves. The 
ram shown at i) is a composite form which has sonic of the features of the 
other three types. It will give the quick opening of form A, the gradual 
riosing of form H, and the time of tnaxinunn valve opening provided by 
rnni profile C. Cams vary in form accor<llng to the valve tinting desired 
Aiid (he form of cam folhnvcr employed. A cam |>rofilc suitable (r>r a roller 
follower is nol at all atlaptcd for one using a mushronni type follower. Most 
aviation engines use roller followers. 



Pig. 265.~View of Timing and Valve Operating Mechamem of the Wright “Whirl¬ 
wind"* Aircraft Engine*. Note Roller Cam FoUowen and Pour Lobed Inlet and 

Exhauet Cam Ring*. 


The various tyjves of valve followers used are shown at Fig. 266. That 
shown at A is the simplest form, consisting of a simple square or cylindrical 
section member having a rounded end which follows the cam profile. These 
are sometimes made of rectangular stock or if made of round section are 
kept from rotating by means of a key or pin. .A line contact is possible 
when the plunger is kept from turning, whereas but a single point bearing 
is obtained when the plunger is cylindrical, has a ball end and. is free to re* 
volve. The plunger shown at A will follow only cam profiles which have 
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gradual lifts. The plunger shown at B is left free to revolve in the guide 
bushing and is provided with a flat mushroom head which serves as a cam 
follower. It is widely used in automobile applications but its use is limited 
in aviation engines. The type shown at C carries a roller at its lower end 
and may follow very irregular cam profiles if abrupt lifts are desired. While 
forms A and B are the sim])lest. that outlined at C in Us various forms is 
more widely used in aviation motors. Compound plungers are used on the 
Curtiss 0X2 motors, one inside the other. The small or inner one works 
on a cam of convcniioiial design, the outer plunger follows a profile having 
a fiat spot to piTmil of a pull rod action instead of a push rod action. Thi^ 
engine is shown at Fig. 267. 



Fif. 266.»Diagrani Showing Principal Types of Cam Followers that Have Received 

General Application In Automotive Engines. 

All the methods in which levers arc used to operate valves arc more or 
less noisy because clearance must he left between the valve stem and the 
end of the lever. The space must be taken up before the valve will leave 
its seat» and when the engine is o]>erated at high speeds the forcible con¬ 
tact between the plunger and valve stem prixluces a rattling sound until 
the valves become heated and expand and the stems lengthen out. Clear' 
ance must be left between the valve stems and actuating means. This 
clearance is clwirly shown in jMg. 268 and should Ik .020 inch (twenty 
thousandths) when engine is cold in the form shown. The amount of clear¬ 
ance allowed depends entirely upon the design of the engine, method of 
cooling and valve actuati(»n. and length of valve stem. On the Curtiss 0X2 
engines the clearance is hut .010 inch (ten ihousamiths) because the valve 
stems are shorter. Too little clearance will result in loss of power or mis¬ 
firing when engine is hot because the expansion or lengthening of the stem 
will result in the valve remaining partly open and allowing gas to leak by. 
Too much clearance will not allow the valve to open its full amount and 
will disturb the timing and will cause loss of jxnver by reducing volumetric 
efficiency. The valve clearances needed with various engines will be con* 
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siderftd as each engine is descrihed. 

Methods of Driving Camshaft.—Two systems of camshaft operation are 
used. The most common of these is hy means of toothed gearing of some 
form. If the cani.shaft is at right angles to the crankshaft ainl carried in the 
engine base it may be clri> en l>y worm, spiral, or bevel gearing. ]f the cam* 
shaft is parallel b> the crank.<bafl, .stinple spur gear or chain ctniiiection may 
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Fig, 267.—Front View of Curtiss OXS AvistiM Motor. Showing Unconventioaal 

Valve Action hj Concentric Push Rod and PuU Tube. 


be used to turn it. A typical camshaft nuuinivd in the Vee l>et\veen cylin¬ 
ders at the top of the crankcase for an eight-cylinder engine is shown at 
Fig. 269. It will be seen that the sixteen cams are forged integrally with 
the shaft and that it is spnr-gear driven. The camshaft drive of the usual 
aviation motor is shown at Fig. 265. 

While gearing Is more commonly used, considerable attention has been 
directed of late to silent chains for camshaft operation of automobile 
tnotors. The ordinary forms of block or roller chain have not proven suc¬ 
cessful in this application, but the silent chain, which is in reality a link 
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belt operating over toothed pulleys, has demonstrated its worth. It first 
came to public notice when employed on the Daimler-Knight engine for 
driving the small auxiliary crankshafts which reciprocated the sleeve valves 
The advantages cited for the application of chains are. first, silent operation, 
which obtains even after the chains have worn considerably; second, in 


.LgchOcr.w .C.,m Fvllower 



Tig. 268.»Diagrain Showing Proper Clearance to Allow Between Adjusting Screw 

and Valve Sterna in HalbScott Engines. 

designing it is not necessary to figure on maintaining certain absolute 
center distances between the crankshaft and camshaft sprockets, as would 
he the case if conventional forms of gearing were used. On some forms 
<)f motor cnijiloyinggcars, three and even more members arc nee<le<! to turn 
t!u* cum shaft. With a chain drive Init two sprockets are necessary, the 
chain forming a Hexililc connection which permits the driving and driven 



Pig. 2e9.^Camahaft of Bight-CjUnder "*Vee** Airplane Motor Designed for Crankcase 
Mounting haa Cams Forged Integrally. Note Split Camshaft Bearings and Method 

of Gear Retention by Bolting to a Flange on Camshaft. 

members to be placed at any distance apart that the exigencies of the de¬ 
sign demand. When chains are u.sed it is advised tliat some means for 
compensating chain slack be provided, or the valve timing will lag when 
chain.s are worn. Many combination drives may be worked out with chains 
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that would not be possible with other forms of geariup. Direct gear drive 
js favored at the present time by airplane engine designers because they 
are the most certain and positive means, even when a number of gears must 
be used as intermediate drive members. With overhead camshafts, bevel 
(jears work out very well in practice, as in the Liberty. 1 lispano-Siilxa, 
Curtiss and Packard motors and others of that type. The camshafts arc 
parallel with the crankshaft and a vertical shaft with bevel gears at each 
end is used to transmit mol inn from one horizontal shaft to the other. 



Valve Springs.—Another consideration of importance is the use of 
proper valve-.springs. Particular care was needed with those of now obso¬ 
lete automatic valves. The .spring must be weak enough to allow the valve 
lo open when the suction i.s light, and must be of sulTicient strength to close 
it in lime at high spee<is. It should be made a.s large as ])ossible in diameter 
and with a large imnibcr of convolutions, in order that fatigue of the metal 
be ol>viatcd, and it \s ini]H»rativc that all springs be of Ihc same strength 
when usetl un a imiltiplc-c\ lindcr engine. Practically all vaivc.s now used 
to control the gas How in airplane engines arc mechanically operated as the 
automatic inlet found on early Anzaiii engines is mechanically operated in 
latest types and all engineers favor the positive type. On the exhaust valve 
the spring must he strong enough so that the valve will not be sucked in 
on the inlet stroke. It should be borne in mind that if the spring is too 
strong a strain will be imposed on the valve-operating mechanism, and a 
hammering action produced which may cause dufi»rmalion of the valve-seat. 
Only pressure enough ti» insure that the r»peratiug mechanism will follow 
the cam is required. It is common automotive practice to make the inlet 
and exhaust valve-.springs of the ^anie tension when the valves are of the 
same size and both mechanically operated. This is done to simplify manu¬ 
facture and not because it is necessary for the inlet valve-spring to be as 
strong as the other. Valve-springs of the helical coil type are generally 
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used, ihouph torsion or ‘'scissors'* springs and laminated or single-leaf 
springs are also utilized in special applications. Sometimes volute springs 
are used instead of the round section helical coil springs, these being made 
of rectangular section steel. Two or more springs are used on each valve 
in some valvc-in-thc-hcad types.; a sj)ring of small pitch diameter inside the 
regular valve-spring and crmccnlric with it. Its fuiictum is to keep the valve 
from falling into the cylinder in event of breakage of the main spring in 
some cases, and to provide a stronger return action in others. 

The illustration at Kig. 270 shows typical valve and spring assemblies. 
That at the left of the cut is tlic old valve iisc<l on Lorraine (French) en¬ 
gines. Two springs were used, cme inside tlic rjlhcr. The vaivvspring 
retaining collar was tjrovideil with splines fitting corresponding members 
on the valve .stem. The assembly was hold together by a threaded nut 
fitting the cinl of the valve stem. The new typo of valve shown at Fig. 270 
at the right of the cut has the method of yeteiition commonly used on mod¬ 
ern aviation engines. Three springs surnmiid the valve stem A. that at E 
being inside, then J) ontsi<lr of that and insule of and concentric with the 
largest spring C. The spring retaining collar ]\ has a cimical dcprc.ssion in 
its top face in which the split c<me memhers I' fit. These pieces fit the 
grooves at the to]> of the valve stem and as they are kepi jnessed against the 
stem because they fit the taper cup in the ccdlar hy the spring pressure, a 
very tKisitivc inethiHl of retention is obtained, withab one easy to dismantle. 
The split cone is easily released from the vaUc stem )>v compressing the 
springs with the retaining collar, a special toed of simple construction ex¬ 
pediting the process. 

Valve Spring Surge.—A stmly of the influence of vibration on valve- 
springs ma<le hy \V. T. Donkin and }J. Jl Clark of the Cleveland Wire 
Spring Company and read hcf<»rc the S. A. K. reveals two j«issil>lc ways iti 
which a valve-sjiring can vibrate: when the frerpicncy of the forced 

vibration is h»w. the force lending ti> vibrate the sjiring is small, due to 
the comparatively .small centrifugal elTcct of the valve«o[ieraling cam, and, 
as the time between applications the force is long enough to permit the 
vibrations set np in the spring to die out in the interval the spring vibrates 
as a part of the entire vibrating system. Sec<nid. if the forcctl vibration 
is of a rather high fretpiency and is of such a value that it is an arithmetical 
factor of the natural frci(uency of the spring, a condition of resonance may 
he set up whereby the spring vibrates in itself at its own frequency. An 
analysis of surge effected with the aid of a super-speed motign-piclure film 
and the vibroscope, which were used in conjunction with a vaivc-gear test¬ 
ing machine, reveals that, when the spring is vibrating in iu own period, 
at a given instant, certain adjacent colls may 1>e .spread apart beyond their 
normal position for an cqtdvalcnt static compression aixl that, an instant 
later, the condition of these ccnls may !>c exactly reversed so far as deflec¬ 
tion is concerned. The abnormal compression of the coils at one instant 
and abnormal opening of the same coils at tbe very iie.xt instant cause the 
existence of a stress and a stress range that are much greater than those 
calculated by conventional formulas. Furthermore, the stress range is 
passed through in a time equivalent to that required for the completion of 
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one wave of the natural period of the spring. This time factor, combined 
with the stress conditions existing, tends to accelerate greatly the fatigue 
of the valve-spring. Accordingly, the condition descri1>cd is a prolific cause 
of valve-spring failure. 

From the hyi^olhcsis of the nature of valve-spring surge, the obvious 
inference is that it is gootl practice to so design valve-springs as to obtain 
the highest possible natural frequency. This has been found to be true, 
within limits. Other factors, such as loa<l and stress, being cc|ua1, a high- 
frequency spring is desirable since its wave-length is so high, compared 
with the wavc-lciiglh of the disturbing force, that the spring will not vilirale 
in itself at the lower camshatt-s])ccils. Another. an<l true, inference that 
can be drawn from the hvjMdbests i.s that surge, because of its nature, can¬ 
not be eliminated except by recourse to some s<»rl of friction damper which 
might ]>ruve CNjicnsivc and annoying. It must be expected that, in the 
present stale of the spring art, a .spring always will vibrate when the fre¬ 
quency of the disturbing force is an integral part of the fre<jucncy of the 
•»|)ring. provided the frequency of the disturbing force is high enough to 
cause the spring to vibrate of itself. This provi.so suggi‘sls a possible solu¬ 
tion of Ihe problem. Why not .so design valve-.^priugs that their frequency 
will he so high that they will not tend to vibrate until they have reached 
forced vi))ration or cainshaft-spee<ls in excess those cticountored in cu.s- 
tomary practice? 

Data relative to the chararterisiics of two actual springs arc given in 
rablc below. The spring whose cbaruetcrislics are given in the column 
headed "Originar* was found to have noisy vibrational pcriculs when run¬ 
ning in the engine, ami, mortxiver, sonic cases of breakage in .service were 
rc])orte<l notwitli.standing the low static-value of stress as shown in the 
taijle. It was proj>osrd to supplant this spring by one whose characteristics 
are given in tlie last column id the table, and in which an emleavour was 
made to hold to the same apjiroxiiuate valve loads Imt to increase the natu¬ 
ral frequency of Jhe spring. 


CHARACTKKISTTCS OF AN OKIGJNAT. SPRING THAT VIKRATRD NOISILY 
AND A KKDKSIGNKD SPKINt; IN WHK M THK TKOUHI.F. 

WAS KLLMINATICI) 



f Inginal 

Redesigned 

Item 

Spring 

Spring 

Mean or Pitch Diameter, in. 

L1Q2 

0K7B 

Free !<ii(fth 


2^ 

Total Number of Cmh 

10/i 

9 

Gauge of Wire. W. & M. No. 

9 

10 M 

Load, with Valve Open at 2^- in.. Ih. 

48 

S3 

Load, with Valve Closed at 2U m. I1». 

29 

29 

Stress, with Valve Open. Ih. iM'r x|. in. 

41.200 

.57,000 

Stress, with Valve Closed. Ih. per m] in. 

2S..VI0 

31,200 

Stress Range, Ih. per sq. m. 

15.900 

25,800 

Kate, lb. per in. 

59.0 

77.3 

Weight of the Active Mavs, Ih, 

0.1435 

0.0700 

Frequency, free vibrations |>er min. 

I0J.50 

17.000 


It may be of interest to mention briefly the way in which thi.s higher 
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frequency of the spring; is obtained hy deslgfii. First, in this case, the pitch 
diameter of the spring; is decreased considerably, which tends to increase 
the rate of the sprin^j. Hiii to obtain the correct valve-loading and, at the 
same tiirie, a reaMitiablc free length, it is important that the rate be not in¬ 
creased excessively, hence the diameter of the wire is reduced somewhat, 
but the iii't result is a eonKideruble increase in the rate. It should be noted 
that the number of active c<»ils also afTccts the rate and that this number is 
varied to vary the rate. The weight of the active mass in the sirring is de 
creased by reducing the diameter of the wire, the pitch <lianicter. and the 
number of active colls. 'J'hc increase of rate t<igclher with the decrease 
of mass alTects a suhsianlial increase in the natural fre<|ucncy of the spring 
in accordance with Uicardo’s formula. 

Froiii the foregoing discussion it can he seen that the effect of surge 
u]ion a valve-Hpriiig is to bring abiuit the following c<»tulitions: 

(\) ICxisteiice nf a niuxininni stress of a higher value than that cal¬ 
culated by the couvenliniial formula 

(2) Occurrence of a higher stress-range in the end coils than that cal- 
culaled on a statu* basis 

(.1) A slate whereby the stress range is travcrseil with great rapidity. 

All invcst^g^'ltloll.s along the line of metal fatigue teinf to show that 
fatigue life is a ftinctimi of the maximum stress existing, the stress range 
through which the muierinl is w<»rked. and the total number <»f oscdlations 
to which the material is subjecleil. Acr*»rdnigly. the abnormal stress con¬ 
ditions aiul the abnormal rapi<lify with uhich the .stress range is crossed, 
due to the surge, icml ti» accelerate greatly the fatigue of the sjiriug. 

Pour Major Contentions Advanced.-^-Tbese notes suffice for Messrs 
Donkin and Vlark to atlvancc ftmr major contentions relative to the general 
.subject of valve-sjiring surge, and they can be summarized as follows: 

(1) Valve-spring .surge is u |iro<hicl <if arcsimaul coiulilion between the 
rate of the forcc<l vibrations. <luc to the camshaft, and the natural 
fre<jucncy of the sj»ring 

(2) Surge cannot be eliminated in the prc.sent lyjK* of sjiring. as the 
tendency to vibrate is an inherent characteristic of a sijrlng. A 
siilution is olTere<l. however, by designing springs for high frequency 
so that they will iu»t vibrate until they are subjected to rates of 
forced vibratiim in excess of s)>eeds almve the range cd luinnal, 
maxinnun catn.shaft sj)ee<ls 

(^) Surge is aflecleil by the design of the valve gear. A tendency to 
magnify sjiring surge inav exist if one or more parts of the valve 
gear arc also in resonance with the spring 

(4) Surge is a iirolidc .source of valve-s|>nng failure, due to the stress 
conditions and the ratndity of the stress cycle set up by tlie surge. 

Packard Multiple Cluster Valve-Springs.—The vatvo-spring.s of Packard 
aviation engines are worthy of st>ecial note. These are of the multiple 
cln.ster type and consist of a group of small diameter piano wire springs 
arranged in a planetary fashion around the valve stem. In the model 1,500 
engine, seven of these springs and. in the model 2,500 engine, ten springs arc 
used with each valve. The individual springs are located over tubular 
guides that arc welded to a lower fixed washer: the uj)per ends of the 
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'springs engage in an annular groove formed in Ihe movaMc spring washer. 
Several advantages accrue from this construction, which may justifiably 
lie termed in<lcstriictiblc. The most imin^rtant jwint, perhaps, is the least 
nl)vious, namely, that which relates t<» the nnlunil perin<l of vibration of the 
small springs. Other a<lvaiituges result from the increased factor of safety 
in numbers, since any val\e will coiuinnc to function even tliough several 
of the springs may be broken. Furtbennorc. the recipriicating weight, rC' 
j)rescnte<l liy the upper washer and oiie-balf the weight r>f the sjirings. is 
reduced, os comjjared with the conventional construction, and. finally, the 
()liysical properties of the small gauge piano wire are gcnerully superior to 
those Ilf st»rings heat-treated after forming. 

Valve-spring failures have always lieen prevalent in a certain extent in 
aircraft ciigitie>; and these failures at tunes lead to <1isastV4Uis results with 
(>vcrla*a<bvalve engines for Ihe valve may dro]) into the combustion* 
chamber and. coiisc4|iiently. wreck the pi'^lon and the combustion-chamber 
head. For Si»me time, these failure.s were regartled as not being prevent¬ 
able. the cause being' ailribuled to fatigue and to minnle iin|ierfei'tioiis in 
the material. Tl is clearly proved that the basic seal of the tr<mble lies in 
a resonance elTcct bctw'een the natural vilnalions of the sjiring and the 
forccfl oscillations of the engine. These latter oscillations are brought 
a)»out by the firing impulses. 

The Packar<l engineers hn<! noted that, in very liigli-.s])ced six^cylinder 
engines, valve-spring break.iges were fre^iiiciitly enctnmierecl at speeds in 
excess <if 4.()lX) r.p.m.; in ivvcive-iw linder engines the liiiiiling speed ap- 
pcare<l to be above 2.000 r.p.nt,; ami in sonic cigliieen-cylmiler engines fre- 
cjuenl val ve-.spring failures ticcnrrct! at very incKlerale speeds, certainly not 
exceeding 1,000 r.p.ni. Naturally, the valve-si*ruigs in each case were of 
.somewhat dillerent design from the olhers luH tlie variations were not of 
sufficient inagniilnde to refute the stalemcnt that the critical engine speed 
at which valve-spring failures a.ssume<l alarming jiropurtums was inversely 
proportional to the iiutnbcr of cybiulcrs or of the firing impulses. The fact 
that the small sjirings have been immune fr4»tu failure, after a great many 
[•rolongcd tests with higli-sjiee<l ctigines. gt»es a long way tow'ard siihstan- 
liutiug the claim that valve-spring breakage in the past has been brought 
about by synchronized vibrations. 

Springless Valves.—Spniigless valves are a late <!cvcIoptiient on French 
racing car engines, and it i.s ^Missible that the positively-operated types will 
t)c introduced on aviation engines alsii although the actuating and return 
mechanism necessary is liea\ier than that recfuircd for spring returned 
valves. Two makes of posilively-actuatc<l valves are showm at Fig. 271. 
The posilivc-valvc motor differs from the conventional form by having no 
necessity for valve-springs, as a cam not only assures tlie opening of the 
valve, but also causes it to return to the valve-seat. In this respect it is 
much like the sleeve valve motor, where the uncovering of the ports is 
absolutely positive. The cars having motors equipped with these valves 
were a success in long-distance auto races. Claims made for this type of 
valve mechanism include the possibility of a higher number of revolutions 
and consequently greater engine power. With the spring-controlled, single¬ 
cam operated valve a point is reached where the spring is not capable of 
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returning: the valve to its scat More the cam has again begun its opening: 
movement. It is ]x>ssible to extend the limits considerably by using a light 
valve with a strong spring or by using multiple springs but the valve atil' 
remains a limiting {actor in the speed of the motor. A part sectional view 
through a cylinder of an engine designed by G. Michaux is shown at Kig 
271 A. There are two valves t>cr cylinder, inclined at about ten degree^ 
from the vertical. The valve-stems arc of large diameter, as owing to posi¬ 
tive control, there is no necessity of lightening this part in an unusual de¬ 
gree. A single overhead camshaft has eight ])air.s of cams such as shown 
in detail at B. I'ur each valve there is a three-armed rocker, one arm of 


' (a/ff fhiu 


VU/Vt* 




Cam^rt 





Fig. 271 .^Two Methodi of Operating Automotive Engine Valves by Positive Cam 

Mechanism which Closet as Well as Opens Them. 


which is connected to the stem of the valve and the two others are In con¬ 
tact respectively with the oi>cning and closing cams. The connection to 
the eml of ihc vnlvc-slcni is made by a short c<mnecting link, which is 
screwed on to the end of the valve-stem and locked in |K>sition. This allows 
some adjustment to be made l)etween the valves and the actuating rocker. 
It will be evident that one cam and one rocker arm produce the opening of 
the valve and that the corresponding rocker arm and cam result in the clos¬ 
ing of the valve. If the opening cam has the usual convex profile, the clos¬ 
ing cam has a correspondingly concave profile. It w'ill be noticed that a 
light valve^spring is shown in <lrawing. This is provided to give a final 
seating to its valve after it has been closed by the cam. This is not abso¬ 
lutely necessary, as an engine has been run successfully without these 
springs though it is difficult to understand how valve stem expansion is 
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rompensated for unless there is some clearance in the valve actuating 
mechanism. The whole mechanism is contained within an overhead 
aluminum cover. 

The positive-valve system used on the Dc Lagc motor is shown at Fig. 
271 D. In this the valves arc actuated as shown in sectional views D and £. 
The valve system is uni(|ue in that four valves arc provided per cylinder, 
two for exhaust and two for intake. The valves arc mounted side by side» 
as shown at £. so the double actuator member may he operated by a single 
^ct of cams. The valve-operating member consists of a yoke having guide 



Fig. 272.«Section Through Cylinder of Knight Sleeve Motor Showing Important 

Parts of Valve Mechanism. 

bars at the top and hotlom. The actuating cam works inside of this yoke. 
The usuaJ form of cam acts on the hjwcr |>ortiou of the yoke to open the 
valve, while the concave cam acts on the upper part to clo.se the valves. 
In this design provision is made for expansion of the valve-stems due to 
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heat, and these are not positively connected to the actuating member. As 
shown at E, the valves are held against the seat by short coil springs at 
the upper end of the stem. These are very stiff and arc only intended to 
provide for expansion. A slight space i.^ left between the top of the valve- 
stem and the portion nf the operating memlier that bears against them when 



Intake Siinrak^h^^lsfjpen VrrAc AM Closed 



nnf>g Mrrkc • All Clo^d tiho<*: t' Ijihouit IV<fs Open 


Fig. 273.<»Diagrams Showing Positions of Sleeve Valves, at Different Points of Knight 

Engine Cycle. 


the regular pntfile cam exerts its pressure on the bottom of the valve- 
operating nicchauisni. Aiiotlier novelty in Ibis motor design is that the 
camshafts and the valve-njicraling members are carried in casing attached 
above the motor by bousing sup|K>rts in the form of small steel pillars. 
The overhead camshafts are operated by means of bevel gearing. 
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Knight Sleeve Valve Motor.—The sectional view through the cylinder 
at Fig. 272 shows the Knight sliding sleeves and their actuating means 
very clearly. The diagrams at Fig. 273 show graphically the sleeve move- 
zTients and their relation to the crankshaft and piston travel. The action 
may be summed up as follows: The inlet port begins to open when the 
lower edge of the opening of the outside sleeve which is moving down 
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crank motion. The Knight motor has been applied to aircraft to tb* 
writer's knowledge only by the Panhard firm. An cight-cylinder Vc^ 
design for aut<imolnle use that might 1>c useful in that connection i 
lightened is sh<i\vu at l•*ig. 274. Hie main object is to sIkuv that ib 
Knight valve action the only other besides the ninshrfiom or |)oppet valv» 
that has been applied conniierciHlIy to high-speed gasoline-engines, though 
many types of rtJlnry and single sleeve valves exist. 

Burt^McCollum Sleeve Valve.—The only sleeve valve eugiue that ha- 
stood the test of time l>csides the Knight motor employs the Bnn 
McCollum single sleeve valve and it was first introduced in 1911, It wa * 
first ap])1icd in nirdor cars by .Argylls, l.td. of Alexandria. Scotland. Some 
time ago. it was announced that the sole inaniifactnriug rights bir tlu 
United Stales were held hy Coiiiinenlal Motiirs and engines are under lest 
for automobiles and alrjdanes. 

Hurt's orighiril jialent was filed on Aug. 6. HX)*), and was accepted ui\ 
Aug. K 1910. A four-year extension was granted last year, so that the date 
of expiration in (*reut Hritaiii is Aug. 5. 19^1. Apjdicaliou bir an eiiuivu- 
lent United States patent was filed on Aug. .b HUO. aivl was granted on 
July 22. 1919, thus giving an expiration date of flee. .1, 1936. T*er1iap.s the 
liroadcst claim c<jiitaincd in the United States ^uiteiil is that which rea<1s: 

A incchanisin for the ptir]Hise specified coiujirisinga main cylin¬ 
der having intake and outlet |H*rts near its head, a piston-enclosing 
cylimlcr iiKivably fitting witlim said iijain-cylin<]<T to act as a valve 
and having intake and outlet ports, .and tnovahle. for bringing the 
respective p<»rls into alternating registering relation therewith, a 
piston reci]inK*aling within «ikI enclosing cyliiuler. and means for 
ini]iarliiig synchronous loiigittnlinally r<x'ipriH'atiiig and oscillating 
nuiveinent to said piston-enclosing cylinder, the range of longitu¬ 
dinal movenieut h<*iiig less than the piston nuoenieut and greater 
than the IniigitiKlmal dimension of the |M>rts. 

J, ir. K. McCollum's patents, which were assigned to Argylls. Ltd,, 
and others, consisl of .i sleeve <mtsidc the mam cylinder, in.stead of between 
the cylinder and the piston, and two f)]ierating-mechanisms for imparting 
the reciprocal 111 g and oscillating movement to the sleeve. 

The following tlescnplion \a taken from a ]ia|HT hy. W. A. Frederick 
that apijcarc<l in the .S'. .1. /:. Jouruui for May. 1927. 

Advantages of the Single-Sleeve-Valve Engine.—The chief advantages 
of a .single-sleeve-valvc engine are:—(a) snstainc<l opernltng-efliciency, (b) 
g(x>d p<nver onljmt, and (c) silence in operation. A ].0(X)-honr test-run 
under full load at 2,(XX) r.p.ni. was recently made on a six-cylinder 2}i by 
454 inch engine. During the first 100 hours, the iM)\ver-oiil|mt gradually 
huilt up to 44 brake lu»rsc|«»wer, after which it remained constant until the 
completion of the test. Meusurement of sleeve driving-gear l>ack-lash was 
made by an extended arm attached to the sleevcshaft and, although a 
maximum increase of 0.017 inch on the pitch-line was recorded, the gear.< 
ran as quietly as at the beginning of the test. On dismantling the engine, 
the maximum wear on the piston skirt was found to lie 0.001 inch, while 
the wear on the outside diameter of the sleeve was undisceniihle. 
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Pig. 274A.«Sectional View of Automobile Type Single Sleeve Valve Motor. 
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The adoptinn of a sleeve salve is said to obviate such things as Xhi 
“griiiding-in** of valvcs» Ihe ingress of unwanted air through worn valve 
guides, the adjustment of clearance, the breakage of valve^springs. aivi 
frequent dccarbcmizaticm. The rapid opening of the jK>rts, the type oi 
port‘Opening obtained. |K»siiive timing, imohstrncted intake-passages, and 
increased comprcs.sion-rati<» all contrilmte to giHid power-oiitput. Silcnci 
in operation is €icliievcd thrmigh avniding the hammer-and-anvil blows o; 
a poppet-valve and ihc Tai l I hat the valve-actuating mechanism does not 
extend outside the engine Ixxly. The sleeve-valve engine can not only be 
made to run <|iiu'tly, but remains fpiict. 
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Fig. ?74B.—Method of Actuating Single Sleeve Valve by Gear Actuated Crank and 

Ball and Socket JoinL 


The weight of a single-sleeve-valvc engine compares favorably with 
that of a |H»ppel-valve engine in the automobile types, though it will he 
slightly heavier in the forms intended fi»r airplane use. Sectional views of 
the Continental cight-in-line aiiloinuhllc motor are shown at Fig. 274 A. 

Referring to the cross-sectional arrangement slmwn in Fig. 274 A, ii 
w'ill l)e seen that the crankshaft. ci»nnccting-rad and piston are of conven¬ 
tional design and not necessarily different from those used in a poppet-valve 
type of engine. The essential difference lies in the substituting of a single 
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valve f>i cylindrical form for Ihe usual popi>et*valveR. 

The cylinder is open-ended and has |K)rt-<jpening:s cut on its circumfcr- 
once immediately l>eIou' the Ixittfjm ed^^ of the cylindcr-hcad ttr stationary 
j>jst<m. Intake and exhaiist-jMirts are on opiK»sitc si<!cs of (he cylinder- 
l>l()Ck so that separate manifolds are employed. 1‘lie tnludnr steel sleeve is 
interposed between the piston and eyliiider having jnirts nuiehined therein 
u> rcffister with corresjKjndin^ members in the cybndcrs. The sj/c and the 
shape of the |H>rts are <letermined hy the area and the valve-llmln^j re¬ 
quired. In c<nninim with those of the j>oppet-vnK'e en^fine, these can only 
IkC settled l>y exjwrienee, each jmrtlenlar type of eiij^ine hein^ cjmsklered 
areortlin^ to the j>erforinancc reqniretl of it. 

Motion of Single Sleeve.^H'he characterlsiic twisiln^ inovement r*f the 
sleeve has many inluTcnt advania^vs. AIiIwuikIi primarily e«jiieeiveil for 
the purpose of ohialinn^^ the proper sequence of vuIm* opera I ion, when nsln^f 
nue sleeve instead of two. it has subsequently pri»ve<l (o Ik* a deeide<l iKMiefit 
III other respects. It is a nattiral hd»rica(ing niotioii. the oil bein^ rolled 
evenly over the entire sleeve-surface, and not localized aiul .sheared, as in 
tlic case of a .sleeve or jiistim having a reeiprocatnig motion only. t>i) 
I'roovcs arc not necessary mi the surface of a single-sleeve valve. 

The movement of the sleeve appri»aches hannonic imniini. and dors nut 
rail for the sinlden reversal of the direction of ir.nvel with its attendant 
niertia-l<ia<ling. as does a sleeve with purely reeipnK*aling motion. 

Again, the twist dissipates (he heat lost u» (he .vleexe wall over a larger 
area, giving more even tcin|»eralures and lhereh»re reducing the ilistortion 
trj (he inininuim. I hiring (lie e«»ni|>ressii>n un<l jMiwer strokes, svlieit the 
sleeve is snhjeeled Uj the greatest ]>ressnre, it is moving vmIIi (he jiislon, 
and the sleeve-ports are ]»roteeted l^rtwccn the water-cooled surface.^ of 
iKe cylin<ler and the cylinder head. 

1 1 has not been found nceess.iry to lit a scallng-ring to the cyliinler 
head, such as that used in the douhte-slccve-valvc engine. This i.s due, no 
rioubt. to the bafllc elTeet caused by (he twisting inovemenl (hat sniiHUhes 
out minute surface irregn lari lies, and to the fact tliat (here is a sealing 
''iirface at both sides of llie sleeve wall during compression. 

Mreanse of the sha|>e of the comhusiion-chamlKT, a coinpriralively higher 
< oiiij)rcssion-ra(u» euii be adopted without fear c»f de(<»nation, five to one 
heiug generally used on aulomoiive engines. 

The fact that the piston and the sleeve move in the same <lircelu»n at 
different speeds during (he pressure slr<ikes results in a e<ui^iderable reduc¬ 
tion ill the (nstcju riili1nng-s|»ee<I. as Ciunpared with that of a con vent lonal 
po()pet-valve engine, and so reduces the wear (jf the piston. The wear 
of the sleeve surface is practically negligible. It will W noticed that the 
slecvcshafl crank is near the 90-degree (Kisition at the time <»f the closing 
of the intake and the opening of the exhaust, so that the sleeve moves with 
the maximum velocity in a practically vertical direction, and therefore gives 
the desirable quick opening and closing of the valvo-|>orts. 

The sleeves are usually made of cylinder cast iron, cast in a rotating 
mould, although <)rdinary sand-castings arc entirely satisfactory, if carefully 
made. The thickness of the wall of (he sleeve is g<iveriied by what the 
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machine-shop can handle without fear of breakage. This will be found 
ample for stren^h under working conditions. In practice, the thickness 
oi the wall ranges from %4 inch for the 2^ inch ]x)re to %4 inch for the 
five inch bore. 

Steel sleeves are sometimes used when high engine speed is desired. 
It is usual to manufacture them from seamless steeMubing. the boss for 
actuating being formed by extruding operations. A sleeve of average 
diameter is fitted to the cvlinder-l>ore with a light 0.003 inch and a slack 
0.002 inch feeler. 
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Sleeve Drive Mechanism.—The ball-and-socket connection shown at 
274 B has evolved from a self-aligning ball bearing to the present 
|)hcre-zone, having a pressure die-cast babbitt-socket cast in position. It 
im.s been found that the fit of the ball in the socket can be varied by the 
pressure applied. The diameter of the s]ihere-7.one is generally made 0.35 

while the slecve-shiift crankpin approxiinatcs 0.19 1), where I) equals 
I he outside diameter of the sleeve. Originally, the IklII and the socket 
were made detachable, hut this reduced the hearing area due tn flats milled 
on the ball to allow asscnilding. The design nf the mcchaiusm for actuating 
I he sleeve is an interesting problem ainl many schemes have been tried out 
irom lime lo time. All things ronsMlered, however, (lie gear type of drive 
111 various forms has proved the most satisfactory. 

Single Sleeve Timing Diagram.—The jMiri-cyclc diagram. Eig. 274 C, 
shows one complete cycle nf sleeve inoNemeiU. the relative ]M>silions of the 
piston being indicated <1iagramniatically at the side of the drawing. At the 
beginning of the intake stroke, the .sleeve is at il.s In» tloin center, and all 
ports are clcKScd (tqiper left view). Ah the pislcin desccmlH. Die sleeve 
moves around and up the lower left-hand jiortion of the travel ellipse, the 
intake-ports in the sleeve uncovering the intake-ports in the cylinder 
(central loft view). Intake closing m*curs when the Ih^uom straight-edge 
<»f the slecvc-porl coincides with the to]> sirniglit-edgc of the fi.xed ptirt in 
the cylinder, lower left view. As the piston turns on the compression 
sln»ke, the sleeve contimies to travel npwanl. reaching its (op center at the 
same lime as the )Mston (upper right view). During the jiower stroke, 
the sleeve moves over and down the top righl-liancl portion ut the travel 
ellipse. Exhaust o|>ening takes place when the ImUIoiu edge of the sleeve 
exhaust-port meets the t<»p edge of ihc port in the cylinder (central right 
view), the sleeve moving^ downward as the piston moves upward <m the 
exhaust stroke. In the lower right view', the maximuin exhaust-opening 
nreurs. the sleeve traveling ou the lower right-hand )M»rtion of the ellipse 
until the fiank edges of the |K)rts coincide, closing the ports and completing 
the cycle. 


AVKRAGU: TlMlNtbPRACTICE OK SINGI.K.-SLKKVKA ALVH ENGINES 
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10 Deg. 

15 Deg. 

45 Deg. 
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Late 
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Ute 

.Medium-Speed . 

lU Dcr 

20 T>cg. 

45 1 >cg. 
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l^le 

Early 

l.ate 

High-Speed . 

5 Deg. 
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(0 Deg. 

1.^ Deg. 
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Early 

Ute 
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2 Deg. 

A Deg. 
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Early 

ICarl) 
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Early 


to 

t>» 

to 

to 


5 Deg. 

4 Deg. 

4 l>ei:. 

2 Dig. 


I.ate 

I^lr 

Lite 

I.ate 


Fig. 274 D shows the power output per cubic inch of three engines hav¬ 
ing valve-timing as given in Table alwvc. The engines friun which the 
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curves were taken differeci in some resi>ects, so that an absolutely tnv 
comparison of the effect of timing only is not presented. 

Detachable Head Construction.*^A detachable head for each cylindc* 
has the advantage of <»bvialiiig the use of a large casting and gasket. An . 
cylinder may be examined without disturbing the joints of the other* 
Explosion balance is assured, as the combustion space is complete)v 



Fig. 274D.—Curves Showing Characteristics of Single Sleeve Valve Engines. 


machineeb and the spark] dug is ideally placed and cffrciively water cooled 
Cast iron is usually empbiyed. although aluminum is satisfactory and is 
used where liglilness is of first innK»nance. 

Manv shapes of comlnislion-chaxuber have Infen tried, but. although the 
hemispherical type b theoretically ideal, it ha.< not jiroved in practice to be 
as giiod as the cune-fruslrum type. 

The head is made a light push«fit in the sleeve and is secured by four 
cap-screws, an extra-thin gasket being fiit«nM>scd between the head-flange 
and the cylinder. It should be noted that the head-joint is not subjected 
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:o direct explosion-pressures. 

In common with that (jf other sleeve-valve engines, its ixnver output 
iTi proves as the carUm IniiMs up around the head. A .standard s])ark]dug 
IS used; the long-reach sparkplug and extension, characteristic of the early 
:nodels. has been discarded <lur to atloption of the conc-frusirum type of 
• VUnder head. 

The number of ports incorporated in the design of engines of different 
types ranges from two intake and two exhaust to ftuir intake and four 
cxhan.st. For a given area, the .smaller the nnniher of iK>rls, the greater 
will l)e the degree of filling, but the fewer the jHirts, the greater will be the 
^Iceveshafi throw ref|iure<l: so. as in the case i»f many other engineering 
^•inditlons. a compromise ninst Im* made. 'I hree intake «and two exhaust- 
(jorts have been found to 1>e the l>est all-roniul combin.ition for antmnobile 
nigincs, This arrangement gives a sleevcshaft lhr<»w of niodcrale diineii- 
vjnns aii<l practicable water-cores Itetween the ports in the cylinder, while 
ilic maxitmini jxirHipcning area obtainable cinupares f.ivorably with g«)od 
pul>]iel-valve practice, a condilion that has pnwed satisfacliwy ft>r average 


(IlglUCS. 

Minerva-Bournonville Rotary Valve.^A I though designed in this coun* 
iry, the M inerv.vliimrnonville rotary valve engine was ])erfectcd in the 
csperimenial dejiarlment of Minerva Motors. Antwerp. Rclgium. While 
I here is no record ot its use tn aviation engiiie.s. the suggestion that rotary 
salves be nsc<l for that purpose is idten made and the folUivs ing desiTiption, 
from Aufonioiitw Iiithtstru'S is given in pan for the general inforinalion of 
ihe reader interested in engine design. I'he <lesigner of Ibis valve is 
Pngene Hoiirnonvillc, a well knosvii engineer residing in New York. 

J'hc Miiierva-Hournonville engine jwi.ssesses a rotary valve inountc<l in 
a bore in the head of the cyhntler and making one revolution for .si\ turns 
of the crankshaft. For e.ach cylinder the valve has three pockets which 
assure communication between the intake and the exh.aust ports on the 
one hand, and a port to the cylinder on the other. C)n c<»mprcssion and 
expansion the cylindrical |K>rtum <if the rot.ary valve masks (he passage 
into the cylinder. The sparkplug is nnmntcd in the u.Mtal inclined |)<»sitioii. 

All previous attempts to perfect tlic rotary valve engine have failed hy 
reason of inability to hold compression (»r t<» assure adequate lubrication, 
'riie Minerva-Bourmniville overcomes this by incuns of what may be dc- 
scril>ed as an elastic bearing. The tunnel in which the valve rutatos is 
cylindrical on an arc of only a few degrees. Carried <ni the valve, in the 
vertical axis of the cylinder, is a c.ist-iron shoe surmounted by a cast-iron 
wedge, with a hardened steel ball between .sln»e and wc<lgc. The wedge 
exerts pressure on the shoe, and through it on the notary valve, h)* means 
a stud and an adjustable coil spring placed in a horizontal passage in the 
valve casing. In the case of the six-cylinder engine, the valve is in two 
parts, the shoes are in four parts, the wedges are in ttvo parts, there arc 
two balls under each wedge and there are two .springs pressing against the 
vertical wall of each wedge. 

Lubrication of the valve mechanism is assured hy a distributor driven 
<iff the rear end of the rotary valve shaft. This distributor sends a drop of 
oil at intervals of ISO revolutions of the crankshaft to four point.s on the 
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top of the wedges opposite the springs. In addition there is an oil tea 
to the intake manifold also giving one drop of oil per 150 revolutions. 

The tjorc of the valve tunnel gives .su^cient clearance to allow for tli' 
muximiim expansicMi of tlie valve so that seizure at this ]>oint is im]H)ssi!j)< 
The shoes arc cut out of a tnl»e Uired to a diameter slightly larger than 
of the valve, the difTcrcncc being hIhiuI ViruMi diamcler. They ah 

turned externally to assure an ofpial thickness over their entire width. TIv 
wedges have an angle of seven to seven and one-half degrees. The stei i 
l>a]l it, mounted between the wedge and the shoe, is free in a verticil! 
direction and only works laterally; when the shoe is carried round by the 
valve, it coinmuincate.s this turning movement lt» the wedge, which in n* 



Fig. 274E.~MinervS'BoQrnonville Rotary Valve. 


movement temls to emnpress the spring. The pressure of the wedge is 
therefore direct on the .shoe. Adjustment of the mechanism is simple and 
makes it pi^ssible to dclcrniinc externally whether there is any movement 
of the shoe and the wedge, which movement could be set tip by dilation of 
the valve or by .ilmormal frictum caused by lack of oil. After the engine 
has been startc<l tij). the adjusting tdug A Fig. 274 F. is screwed down on the 
spring, and by means of a slmrt rod passing through the plug any move¬ 
ment of the wedge C can l>c detected. If the plug is screwed down until 
there is no movemeut of the rod p.assing through it. this is an indication 
that the w'cdge is exerting suflicient pressure on the valve to prevent it 
lifting under cxphision. The driving effort remains constant, fur it depends 
oil the coefficient of friction of the valve and the shoe, and the pressure at 
the moment of exjdosion. 

Movement of the shoe and the valve can take place only for two rea¬ 
sons, as follows:—(I) l>ilation of the valve increases the thrust on the shoe, 
causing this to turn au<l take up a corresf>ondlng position; (2) the coeffi¬ 
cient o{ friction is increased by reastm of foreign matter, such as dust or an 
unlubricnted ^H^^tion of the roller, this latter tending to carry the shoe round 
with it. thus displnciug the we<lge and immediately decreasing the pressure. 
Under all conditions the valve operates freely, while providing sufficictii 
pressure to assure gas-lightness. The shoes are Ix^red to a diameter equal 
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o that of the valve at its maximum temperature, and the part of the cylin- 
.Irr D, in the drawin|^, has the same diameter. The difference l>etween 
:liis and the normal diameter of the valve is slight, being not more than 
I 1.000, and the valve exerts a sufTicicnt pressure on the edges of the ports 
luring the period of starting up to assure gas-tightness until the normal 
temperature has been attained. After this the valve l)enrs equally on the 
entire surface. By reason of the de.sign any required timing is possible 
ind the biggest desirable openings are obtainable. 

Valve Design and Construction.—Valve dimcn.sions arc an important 
detail to be considered and can he determined by several conditions, among 
which may be cited nictbrnl of installation, operating mechanism, material 
employed, engine speed desired, manner of cylinder cooling and degree of 
lift desired. A review of various nielhrxls of valve location has .shown that 
when the valves arc placed directly in the head we can obtain the ideal 
cylinder form, though larger valves may he used if housed in a separate 
(socket, as afforde<] hy the head con si met ion. The njethod of operation 
has much to do with the sir.c of the valves. For example, when an auto¬ 
matic inlet valve was employed it was good practice to limit the lift and 
obtain the required area of |H»rt opening by augmenting the diameter. Be¬ 
cause of this an inlet valve of the .automatic type was usually ina<lc twenty 
jicr cent larger than one mechanically oj>crated. When valves are actuated 
by cam mechanism, as is n<iw invariably done, they arc often made the same 
si^e and are interchangeable, which greatly siTn]>lt6cs manufacture. The 
relation of valve port area to cylinder bore is <»ne that has been discussed 
for some time hy engineers. The writer's exi>oricncc wmdd indicate that 
valve <liamctcr should be as near to half the bore as t>ossib1e. While the 
mushroom type or ]>oppct valve has become standard an<l i.s the most widely 
used form at the present lime, there is some difTcrcncc of opinion among 
designers as to the materials employc<l and the angle of the seat. Most 
valves have a bevel scat, though some have been made Hat seating. The 
flat scat valve is said to have the advantage of providing a clear opening 
with lesser lift, this conducing to free gas flow, but the disadvantage is 
present that best material and workman.ship must be used in their con¬ 
struction to obtain satisfactory results. As it can be made very light it is 
])articularly well adapted for use as an automatic inlet valve or as a check 
valve. Among other disadvantages cited is the claim that it ts more sus¬ 
ceptible to derangement, owing to the particles of foreign matter getting 
under the seat and it will not conduct heat away as well as a bevel seat 
valve head. With a bevel seat it is argued that the foreign mailer would 
be more easily dislodged by the gas flow, and that the valve would close 
tighter because it is drawn positively against the bevel scat. Bevel sealings 
are usually at 30 or 45 degrees, the latter being most popular. The valve 
seat of the Curtiss D12 engine is shown at Fig. 275. The way the valve 
seat is chamfered or relieved is clearly shown in the diagram which may be 
considered typical of good practice. 

Several methods of valve construction are the vogue, the most popular 
form for aviation engines being the one-piece type: those which arc com¬ 
posed of a head of one material and stem of another arc seldom used in 
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airplane engines because they are not reliable. In the built-up constructior 
the head is usually of high nickel tungsten steel or cast iron, which metal; 
possess good heat-resisting qualities. Heads made of these materials ar< 
not likely to warp, scale, or pit, as is sometimes the case when ordinarv 
grades of machinery steel are used. The cast-iron head construction is nm 
popular because it is difficult to keep the head tight on the stem. There K 
a slight difTercnce In expansion ratio between the head and the stem, and 



pig. 27$^Drawjng Showing Shape of Valve Seat Used on the Curtita Dt2 Water- 

Cooled Aviation Engine. 


as the stem is cfdicr screwed or riveted to the rasl-iron hcacl the constant 
hammering of Ihc valve against its scat may 1<Misen the joint. As soon as 
the hca<l is loose on the .stem the action of the valvc«bcc(Mncs erratic. The 
best practice is to niacUinc the valves from tungsten and other alloy steel 
forgings. This material has splendid heat-resisting qualities and will not 
pit or become .scored easily. Even the electrically welded head to stem 
types which arc used in automolnlc engines arc not looked upon with favor 
in the avialmn engine. VaKr-slem gnidr.s and vaivc-slems must be tna* 
chined very accurately to insure correct action. The usual practice in 
automobile engines i.s shown at Eig. 276, where a valvc-slcm ,375 inch 
nominal diameter is used. 

Gas Velocity Effect on Power.—Several methods are in use as a basis 
for calculating gas velocities. One merely considers the mean velocity in 
the port, on a basis of filling or exhausting the cylinder during 180 degrees 
of crankshaft rotation. This method is crude, as no account is taken of 
valve-lift, this latter factor having a considerable influence on the power 
output. A second method considers the mean velocity through a cylindrical 
annulus of a diameter equal to the bore of the mouth of the port and a 
height equal to the maximum valve-lift, this annulus being taken as con¬ 
stant throughout the |>criod of filling or exhausting. The time of filling 
or exhausting is taken as 180 degrees of the crankshaft rotation, the cylinder 
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^ assumed to be completely filled and the charge is assumed to be at normal 
lemperature and pressure. This method takes no account o( the mean 
.alve^lHt or of timing, both of which factors have a considerable influence 
in the performance. Cylinders having very small valves will usually show 
.m improvement in the power output when an increase of the mean valve* 
•dt is made without any change of the maximum lift. The same holds true 
as regards timing, very small valves with high gas-velocities generally re* 
.juiring freak timing with long jipcning-pcriods to give the maximum per* 
lormance. The results of .some tests made with various sizes and combina- 
lions of inlet and exhaust valves by Mr. S. P. Heron are shown graphically 
at Fig. 277, the power indicated being that of the one test cylinder at vari* 
iius speeds. The highest power was obtained with four valves. 



Pig. 276.—Drawing Showing Clearance Allowed Between Automotive Engine Valve 

Stem and Valve Stem Guide to Secure Free Action. 

A third mctho<l coii.Kidcrs ilic mean of the true areas in the annulus 
normal to the .seat, the true time <if <>|>ening and 100 per cent volumetric 
efficiency. This meiho<l is the soundest, luit is too cumi>€rsome for general 
u.sc as it involves a graphical layout to determine the areas of the conical 
annuli from zero to the maximum lift. With this method annuli areas in 
excess of the net area in the throat, or the port area less the valve-stem area, 
are neglected. The conical annulus as a basis for the calculation of area Is 
cumbersome, as Its relation to the cylindrical annulus of equal height 
diminishes progressively with the lift. It is considered that a reasonable 
and not altogether cumbersome basis for the estimation of velocity is that 
of the cylindrical annulus. This is supported to a certain extent by the fact 
that a 45-degree seat valve, w*ith less area in the annulus than either a flat 
seat or a 30-degTec scat valve will, in overhead-valve cylinders, pass at least 
as much gas as cither of the latter types at equal lift, showing that the re¬ 
duction of area is balanced by the more nearly streamline-flow conditions. 
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As the tulip type certainly docs not pass less gas than the flat-head type, it 
appears that the theoretical increase of area with the flat-head type of valv( 
is of no practical moment^ and that the gas docs not depart from streamline 
flow conditions and ahrufilly change its course around sharp corners to take 
advantage of sudden increases of area. 

It is Mr. Heron 5 view that the all-around best valve-seat angle for over¬ 
head-valve cylinders is 45 degrees. The scat angle is considered to be most 
important in mulliple-valvc cylinders with pairs of valves in close proxim 
ity. The converging gas-streams with pairs of similar valves will meet less 
nearly head-on with 45-dcgToe seals than with flat or 30-tlcgrec seats. 



Fig. 277.—Resulu of Tests Made with Various Sixes and Coenbinations of Inlet and 

Exhaust Valves. 

As a result of tests wHth an air-cooled cylinder Mr. Heron is of the 
opinion that exhaust and inlet valves should be of approximately equal 
diameter and have equal lifts and that a mean gas velocity through the 
valve annulus of from 140 to UjO feet per second seems to give good results 
in case of the particular cylinder tested. 

Four Valves per Cylinder.—A great power output for the piston dis¬ 
placement is usually made possible by the superior volumetric efficiency of 
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a motor provided with four valves in each cylinder instead of but two. 
This principle was thoroug^hty tried out in racing automobile motors, and 
is especially valuable in permitting of greater speed and power output from 
four- and six-cylinder engines, where cylinder bores are fairly large. On 
right- and twelvc<ylindcr types, some engineers nre doubtful if the result- 
uig comi>lication due to using a very large Tuimber of valves is worthwhile 
despite the wonderful resnlls obtaine<l when four valves are used especially 
in flat-head cylinders, whore two valves of large size cannot very well be 



Fig. ara.^DUgrtm Comparing Two Large Valvei end Pour Small Ones of Prac¬ 
tically the Same Area. Note How Easily Small Valves are Installed to Open Directly 

Into the Cylinder. 


used. When extremely large valves arc used, as shown in diagram at Fig. 
278, it is difficult to have them ofHrn directly into the cylinder, and pockets 
arc .sometimes necessary. A large valve would weigh more than two smaller 
valves having an area slightly larger in the J^gregate; it would require a 
''tiiTer valve-sj>rmg on account of its greater weight. A certain amount of 
metal in the valve-heatl is necessary to prevent waq)ing: therefore, the 
inertia forces will be greater in the large valve than in the two smaller 
valves. As a greater iH>rt area is obtained by the use of two valves, the 
gases will be drawn into the cyiin<lcr or expelled faster than with a lesser 
area. Even if the areas are practically the same as in the diagram at Fig. 
278. the smaller valves may have a greater lift without imposing greater 
stresses on the valve-operating mechanism and qtiickcr gas intake and ex¬ 
haust obtained. The smaller valves arc not affected bv heat as much as 
larger ones are. The quicker gas movements made jK^ssihlc. as well as re¬ 
duction of inertia forces. |>ermits of higher rotative speed, and, conse- 
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quently, greater power output for a given piston displacement. 

Valve^Geara.—Most designs of spherical-head air<ooted cylinders neces¬ 
sitate valve-gears of rather freakish appearance. Two such examples, in* 
volvingodd com{>oun(! motions, are seen in the B.S.A. and Tyj>c J cylinders 
It can only he said that such freakish gears have better mechanical proper 
ties than a)q»carance an<l really function with con.sulerahle rehahility. The 
motion in three planes, existing at the push-rod hall-end where it works in 
the rocker-cup, does not pro<luce much trouble in practice. The use of an 
exposed push-rod valvc-gcar. in uhich luhricatinn is a matter of chance, is 
really crude iu the extreme. Kockcr-pivot lubrication can he made rea.son- 



PiC. 279.-—Comp<nMitlon Arrangement Uaed on Briatol Jupiter Enginea to MAintain 

Valve Clearencei Uniform and to Allow lor Cylinder Lengthening Due to Expeneion 

When Heated. 


ably satisfactory by special bearings and greases. The rocker ball-ends can 
be enclosed in gaiters. Provision can be made to maintain a constant tap¬ 
pet clearance by heating the push nnl.s or by mechanical clearance com¬ 
pensation. For example, in the Bristol Jupiter engine a compensating ar- 
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rangement as shown at Fig. 279 is used. The two row large diameter 
four-lohed cam runs concentric with the crankshaft front end and is driven 
from it by eccentric epicyclic gearing at one*eighth engine speed in an anti* 
crank direction, operating by tappets and push rods the overhead rocker 
gear. The rocker gear is a special feature of the engine. The rockers arc 
mounted on a bracket, which is secured at one end to the cylinder head and 
at the other end by a tie rod to the crankcase. This arrangement compen¬ 
sates for the radial expansion of the cylinders when hot and automatically 
maintains the desired valve clearance.^ under all running conditions. How- 
c\cr, when all these provisuuis are made, the result compares poorly with 
that of a fully enclo.sed valve-gear, in which the valve-stems, the springs, 
the rockers and the jntsh rods arc entirely ciieloscd and run in oil. A fully 
enclosed valve-gear avoids most of the objectionable shock, wear, noise 
and excessive change of tappet clearance and valve-timing encountered in 
the average open push-rod vaivc-gcar. The air-ctKilcd engine cannot hope 
to compete with the high-class watcr-coolc<l engine, if it be eqtiijiped with 
a noisy and rapidly wearing valve-gear. rc<|iiiring almost daily adjustment 
and lubrication. In American radial*cyltn<lcr engine.^, the valve push rods 
arc enclosed in tubes which act the same as the tension rod in the Jupiter 
engine. The valvc-gcnr is thoroughly ciuloscd in modern cnginc.s and the 
compensation for cylinder lengthening due to heat is obtained as well. The 
cut away section of the Wright Whirlwind engine at Fig. 280 shows a 
iiuxlcrn American valvc-gcar c»f tried ami proven design. 

Rocker Compensating Gear.—On nuKlcrn high efficiency air-cooled ra¬ 
dial engines overhead valves are essential and usually <»peratcd by push 
rod.s through rockers mounted on the cylinder lu'a<l. With conventional 
designs the resulting tendency is b»r the valve clearances to vary over a 
c(»mparalively wide range as the cyliiulcrs heat up and expand, a typical 
variation of clearances being from O.OlO inch when cold to 0.060 inch when 
hot, that is under running conditions. In addition, even on similar engines 
tliG actual cylinder temperatures, and therefore the resulting clearances, 
uill vary according to the installation and the oiierating conditions and 
climate. The result in practice is that the actual valve timing obtained is 
a variable quantity, and even in the tuo^t favi»rablc cases usually a com¬ 
promise setting, and the c.xces.sivu clearances result in the valves, valve 
>l)rings and r<Kkcrs l^eing .subjected to excessively high accelerations and 
consequent increased wear, greater risk i»f failure and shorter life. All 
tliese drawbacks arc overcome by the ratented Compensating Rocker Gear, 
':scd on “Bristol” Aero Engines, which automatically maintains the desired 
clearances within narrow limits, over the widest range of temperatures 
encountered in practice. This is one of the features contributing to the 
'vorld-widc use and succc^s i*f the Jupiter engine, and to its perfect func- 
tieming in Arctic cold aiul tr<ipical heal, ns 1>orne out by actual independent 
official tests on standard engines. The rockers are mounted on the fulcrum 
pin carried in the rocker bracket, which is anchored to the cylinder head 
at its rear end and tied to the crankcase at its front end. As the engine 
warms up and the cylinder grows radially, the rocker bracket is held by the 
tie rod at the front end, about which it pivots, giving the variation of move- 
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ment between the nicker fulcrum and the cylinder required lu obtain tin 
desired compensalinp effect us shown at Eig. 279 A. 

Jupiter^Tappet Assembly.^^This unit affords an obvious illustration m 
the attcnlion to detail charactcrislic of the Jupiter design. For the tappei 
j^idcs, instead of the conventional pluisphi»r bronze, duralumin is usee 
with a substantial saving in weight. The thrust of the cams is taken bv 
the hardened rollers running on hardened pins in hardened Iwarings eoiii 
plelely immersed in oil spray, with the result that appreciable wear on thes4 



parts is never exi>ericnced. T\\c cui>ped emi of the ta^ipet is radiused anil 
hardened to receive the push n»<l en<!; allowing it jierfecl frcerloin lu lake 
up the correct alignment. On the ta|»|>cts fur the lower four cylinders the 
possibility of oil leakage is prevented by the special oil baffles which 
automatically trap and collect the surplus oil and drain it back into the 
crankcase. These components arc clearly shown at B Fig. 279 A. 
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Jupiter—Push Rod Assembly.—The push rod tul>c.s are fitted with 
Hjiccial end pieces, hardened tu prevent wear with it ccinse<|uent alteration 
valve clearances, and shaped lu alU)w the rods perfect freedom to take 
up their correct alignment. 'Phe inner ends of lK>th inlet and exhaust push 
rods are similar, but the <mtcr ends differ, due to the fact that there are 
iwo exhaust rockers and one inlet rocker. The springs fitted to the inner 
ends of the push rods serve as auxiliary valve springs taking care of the 
inertia forces on tlic push roils ami relieving the valve springs of all extra 
u iirk. The construction is sh(»wn at C Eig. A. 



Pig. 279D.—Briatol'Jupiter Engine Valve Assembly. 


Jupiter—Valve Assembly.—The spherical seating floating guides used 
for the inlet valves are a feature of Itntisli aero engine practice exclusive 
to the “llrislor* engines. Their use allows the valve to seal itself freely 
in spite of any dustortion likely tu occur umicr running conditions. From 
the maintenance i>oint of view, an additional a<lvantage is the case with 
which replacements can Iw made, the guide being simply dropped in 
IHjsition. The twin valve springs, the maximum stress in each of which 
is only 60 per cent of the safe permissible stress, affi»rd. in practice, 
aksolutc security against the risk o\ a fractured spring, allowing the valve 
to drop into the cylinder. The separate hardened valve caps taking the 
thrust of the rockers permit the mc»8i suitable vaKe material to be chosen 
unhampered by consideraihms <if wear, and )>y rc<lucing wear, ensure the 
maintenance of the desired valve clearances. The reader's attention is 
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directed to the sectional view at Fig. 279 D which shows how this desigi 
is worked out. 

Few aircraft valve-gears entirely eliminate side-thrust on the valve-stem 
Thus, when the relatively difficult hearing omditions of an exhaust valve 
stem are considered, it is obvious why a hard vaivc-stcni and guide ate 
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Fig. 2S0.^Valve Mechanism and Rocker Assembly of Wright ''Whirlwind" Aviation 

Engine. 


desirable. Even in ca.ses where sidc-lhrnst on the valve-stems is entirely 
eliminated, scoring of the guide and the stem, particularly at the head end. 
occurs with soft valves and cast-iron guuies. I^uatiou of the valve tlis- 
tributes the wear ecjually aroun<] the circumference of the sieni and reduces 
or eliminates pitting of the valvc-scat iu the cylinder. Rotation can he 
produced by the volute rihhon tyjje of valve-spring used on the Engineering 
Division air-cooled cylinders. 

There is little question that a roller instead of a solid tappet on the end 
of the valve-rocker, where it hears on the valve-tip, has considerable effect 
in reducing .side-thrust, thus reducing the wear of the valve-stem and the 
guide. That the roller as used in Wright engines and shown at Fig. 280 is 
of value is shown by its rapid rotation, apart from the observed reduction 
in wear. The larger the roller, within limits, the greater is its effect, 
Lubrication is of similar value. Neither of these devices, however, suffices 
to prevent scoring and wear with soft steel valves and cast-iron guides. 
The Type-K cylin<ler at first had soft stainlcss-steel valves and hard cast- 
iron guides. Despite a roller on the rocker end and ample lubrication, 
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valve'Stem scoring and guide wear of both the inlet and the exhaust valves 
could not be obviated. An internally cooled valve of stainless steel that had 
been quenched and only drawn at 750 degrees Fahrenheit by the operation 
nf filling with salt gave much Ikctler results than the soft stainless-steel 
valves, showing only very slight scoring, but was inferior to a hard tung- 
jcten'Sicel valve. 



ACTION THRU NLET 
NALVE AND ROCKER. 



Fig, Z9l .—Section Through Inlet Valve Rocker of Pratt ft Whitney “Waap" Engine. 

Valve Gear Enclosure.—The very complete valve enclosure provided on 
the Pralt and Whitney Wasp engines is also worthy of comniertt. A sec¬ 
tional view showing the inlet valve and rocker is given at Fig. 281 and a 
bimilar view outlining the construction of the esbaust valve and cocker is 
presented at Fig. 282. It will be observed that lubrication of the ball-end 
valve-stem as well as the ball end of the push rod is accomplished by Zerk 
oilers, one placed above the valvc-stein, the other on the rocker arm bearing 
holt. The rocker hearings are of the hall type and will function with mini¬ 
mum oiling. The valve-spring housings are cast integrally with the cylin¬ 
der-head as shown at Fig. 283 instead of being separate boxes as in the JS 
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Whirlwind eng;ines. The valve mechanism is enclosed with pressed mcl.i; 
covers retained by a scK-locking; spring bail arrangement which permits o: 
ready access by removing the cover and yet thorough enclosure when th< 
cover is in place. 

Packard Oil-Cooled Valves.—-One of the important features in the dc 
sign of large aircraft engines is the manner of valve cooling, especially xhi 
exhaust valves. In the Packard engines this is accomplished by circulatini: 
oil through the \ul\e-5tcm as shown at Fig. 2K4. Means for cooling ih' 
exhaust valves by the circulation of oil are provided by suitably drilled 
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Fig. 282.—Section Through Exhaust Valve Rocker of Pratt ft Whitney **Wasp'* 

Engine. 

passages in the camshaft bearings adjacent to the exhaust cams, thi.s feature 
of the construction being shown diagrammatically. The camshaft is hollow 
and is sui>plied with oil under p^e^su^e through a continuous metering 
groove in the rear hearing. In the camshaft journal next to each exhaust 
cam is drilled a hole oj^posite to the nose of the corresponding exhaust cam. 
This hole registers with a vertical passage In the camshaft bearing pedestal 
when the cam is at its highest point and the exhaust valves are closed. The 
oil flows through this passage to the bottom of the cam follower guide, 
which forms a closed cylinder, the space under the cam follower being thus 
filled with oil. The camshaft in revolving cuts off communication with this 
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passage and when the cam follower is depressed by the cam, the oil can 
t>cape only by being forced through the hollow cam folUoNcr ^tcm and the 
horizontally drilled passages leatling out thnmgh the drdled tajjpets into 
• he exhaust valve^steins. 'I*he latter arc drillc<l ihrotiglioMl iheir entire 
length, the hiwer end of the hole in the valve hea<l being closed hv asiTCwed- 
iii jdng. A small steel tube is welded to this plug and is ceniere<l in a ccuin- 
ier-l»orc at the upper cn<l of the vaKe-slem. 'rhetnl js forced down lhr4>ugh 
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Fig. 283,—Prett Whitney “Wasp” Engine Cylinder Corutruction Showing In¬ 
tegrally Cast Kocker Arm Enclosing Housing. Note Large Intake and Exhaust 

Ports and Method of Removing Valve Spring. 


the tube and out of the bottom tlinnigh horizontal holes, thus cooling the 
head of the valve. The oil is <h'4charged through the annular space be¬ 
tween the tube and the inner wall of the v.ilve-slem and <mt of the valve 
housing through horizontal hides drilled through tlte upper end the valve- 
stem just helow the counterborc. As a result of this oii-cooling the exhaust 
valves operate at very low temperatures and the valve seat i.s maintained 
in good condition for long perii«ls. The problem uf valve cewding is of 
special importance when consblered in connection with air-cooled cylinder 
design as the oil-cooling method just outline<l would not be practical with 
air-cooling. This matter will he consldere<l in more detail as it relates to 
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air*coo1ed engines when we consider the design of this form of cylinder 
which introduces problems calling for an entirely different solution than 
possible with water-cooled engines. 

Bore and Stroke Ratio.—A question that has been a vexed one and which 
has been the subject of considerable controversy is the proper proportion 
of the bore to the .stroke. The early gas-cngincs had a certain well-defincfl 
bore to stroke ratio, as it was usual at that time to make the stroke twice as 
long as the bore was wide, but this cannot be done >vhen high speed is 
desired. With the development of the present«day im»tor the stroke or 



Fig. 2M.^Diagr«m Showing Oil Circulation Through Exhaust Valves of Packard Air* 
craft Engines ModeU 2Ad500 and 2A-2SOO to Keep Valves Cool. 
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piston travel has been gradually shortened so that the relative proportions 
nf bore and stroke have become nearly equal. Of late there seems to be 
a tendency among designers to return to the proportions which formerly 
r»l>taincd, and the stroke is sometimes one and a half or one and three* 
quarter limes the horc. 

Engines designed for high speed should have the stroke not much longer 
than the diameter of the bore. The disadvantage of short-slrokc engines 
is that they will not pull well at low speeds, though they run >vilh great 
regularity and smoothness at high velocity. The long-stroke engine is 
much superior for slow s|)eed work, and it will pull steadily and with in¬ 
creasing power at low speed. It was formerly thought that such engines 
should never turn more than a nnulcrate number of revolutions^ in order 
not to exceed the safe piston speed of 1.000 feet per minute. This old theory 
or rule of practice has been discarde<l in designing high efficiency auto- 
tnohile racing and aviation engines, and piston speeds from 2.500 to 3.500 
fret per minute are sometimes used, though the average is around 2,000 
feel ]>cr minute. While both short- and long-stroke motors have their ad¬ 
vantages, it would seem desirable to average between the two. That U 
why a pro))ortion of four to five or six seems to be more general than that 
nf four to seven or eight, which would be a long-stroke ratio. Careful 
an.ilysis of a number of foreign aviation motors shows that the average 
stroke is about 1.2 times the bore dimensions, though some instances were 
noted where it was as high as 1.7 times the bore. 

One of the problems that confront the automotive engineer every time 
a new engine is designed is that of the best proportion of stroke to bore. 

What is meant by "'best*' in this connection calls for some explanation. 
Whenever a change is made in the stroke-bore ratio several characteristics 
of the engine are affected. Included among these is the weight efficiency, 
that is, the weight of the complete engine per unit of maximum power out¬ 
put. Other factors that are subject to change with the stroke-bore ratio 
are the thermal efficiency (fuel economy) and the smoothness of operation 
or freedom from vibration. Under certain conditions the reliability of the 
engine in service and its useful life may also he affected, but it i.s evidently 
the most logical plan to so proportion the parts that the stresses in the 
various meinbcr.s and the unit pressures on all bearing surfaces remain the 
same, in which case there is no reason to expect any change in the life or in 
the degree of rclialulity. Evidently a weighing of the effects of a change 
in the stroke-bore ratio on all of these factors is necessary in order to deter¬ 
mine what is the best ratio from w hat may be called the operating efficiency 
standpoint. 

Mr. P. M. Hcldt, M.S.A.E.. wTiting in /iu/ometive Industries has shown 
that if two engines arc built generally along the same lines, both having the 
same piston displacement but one a stroke equal to twice its bore while in 
ihe other the stroke and Iwre are alike- - 

(1) Both engines wilt develop the same power at the same speed. 

(2) The long-stroke engine will weigh slightly more than the short- 
stroke one. 

(3) At the same speed the inertia forces are slightly greater in the long- 
stroke engine. 
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(4) At the same speech unit loa<U cm piston pin and crankpin bearing? 
due to inertia are materialW smaller in the short-slroke engine. 

(5) With crankshafts cif nhoni the same diameter, corresponding critical 
speeds arc hi^fher in the short-stroke engine. 

(6) It is possible to use much larger valves in the short-stroke engine 

(7) The short-stroke engine can he run safely at higher speeds of re¬ 
volution and develop more t»ou'er. 

(8) From llu* siamljKMUt of fuel economy the long stroke may have 
a slight advantage, lull hardly siifTiriciit to he detected hy means of com 
mercial instruments. 

Meaning of Piston Speed.—The fncl<»r tvhich limits the stroke and make< 
the speed of rotation so de|»eiMleiii upon the travel of the piston is piston 
speed. Enhricatiuii and inertia forces are the main factors which determine 
])iston speed, aii<l the higher the rate of |»i>toti travel the greater care must 
be taken to insure |»ro|»cr oiling and the ligliler the reciprocating parts nitisi 
he. Let u.s fully consider what is mennt hy jdslon Sficed. Assume that a 
motor has a inslim travel or stroke <if six inches, for the sake of illustration 
It woulcl take two .strokes of the piston to cover i>ne hnit. or twelve inches, 
and as there are two strokes to a rcvcdiilinn it wilt he seen that this permits 
of a normal speed of l,(K)0 rcvohilioii.s per minute for an engine with a 
six-inch stroke, if one <l*ies not exceed l.OtX) feel ^ler minute llie figure for¬ 
merly cousulered desirable hut now greatly exceeded and without serious 
or harmful results though with great increase of power output for a given 
jdston displacement. If the stroke w*a> only four inches, a normal speed 
of 1,500 revolutions per miiuile woiihl he jM>ssilile without exceeding the 
prcscrihccl limit. The crsink>haft ai a small cugnuc, having three-inch 
stroke, could turn at as)K*ed of 2.0(10 roolulions per minute without danger 
of exceeding the .safe s])ccd limit. It will he seen that the longer the stroke 
the slower the speed of the engine, if one clcsires to keep the piston speed 
within the hounds as recoin mended, hut modern practice allows c)f greatly 
exceeding the speeds fonuerly thought hest hy mechanical engineers. 

Fresent-day auPumdivc engines have been divided into four classes with 
respect to piston speed by Mr. P. M. Hcldt. The slowest are those used 
for heavy trucks anil tractors, which arc also used to a certain extent for 
industrial work. Next comes the four-cylinder passenger car engine. This 
is followed hy the six- nml cighl-ei hnder passenger ear engine, and finalls 
comes the modem .snpcrchargeil racing engine. Average piston speeds of 
the four classes arc about as fi>Uuw*s: 


Truck and tractor euftliMrs . 

Four cylinder car rnpitics 

Six and cir!u cyliiuler passriiRcr car cneiiH*? 

Racing rnguics . 


.1.^00 ft p.m 

.IfiOO ft. p.ni 

.2200 ft. p.m 

.3400 ft. p.m. 


The spreads betw^een the diFerent classes a|>pear larger when the speeds 
are given in revolutions jier minute, for the reason that the low-speed en¬ 
gines have lunger strokes than the high-speed engines. A comparison of 
the four classes on the r.p.m. liasis is given in the following table. 


« 

Four cylinder truck and tractor rnginea ...1050 r.p.m 

Four cylinder pAssenaer car engines .2250 r.p.m. 


Six and eight cylinder passenger ear 


Racing engines .......6800 r.p.m. 
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Aviation Engine Crankshaft Speeds.—Tl will he evident that most avia¬ 
tion engines designed to drive a direct drive propeller turn slower than 
(•lur-cylinder passenger car engines and very few geared engines, except 
sery small ones, exceed the rotative s|>ee<l of six- and cight-evlinder pas¬ 
senger car engines. Anaani engines range in speed from l/j(X) tr) 1,800 r.p.m. 
The Curtiss powerplanls turn as follnws, 0X5 at 1.401) r.jj.in.; OXX6, 
1/XX) r.jj.m.; C6A, 1,700 r.p.m.; TU2, 2,d00 T.i>ni.: the \'i570 at 2.400 r.p.m. 
The B2 Salmson Mcnasco turns its cranljshafi at from 1,500 to 1,700 r.p.m. 
i*he Packard engines turn as fidl<i\vs al sea level; the 1A2775 X type at 
2,700 r.p.m,: the 2AI500 at 2,7fl0 r.p.m. maximum, the 2A2500 at 2.100 r.p.m. 
Both Pratt and Whitney Wasp ami ITornel molor.s turn at l.OOO r.p.m. The 
Wright Whirlwind J5 has a maxinuitn rnintive speed of 2.000 r.p.m.. the 
t yclone R1750 turns at l.^XX) rp.m. S<ime unall engines, such as the Rris- 
tnl C herub, have rotative speeds of r.pni hni no aviation engine has 
vet approached sujiercharged antomofvilc racmg engine.s in crankshaft speed 
as a recently devch»i>cd mot<ir of this character has reached 8,000 r.p.m. 

The chief object of increasing the piston speed or the siu*ctl of revolution 
IS, of course, to obtain greater jiower from an engine <jf g’ivcti displacement, 
and. therefore, fr<iui a given engine weight. How the output per unit of 
displacement is lncrease<[ by incre.asing the j>istoii st>eed is clearly shown 
by the bdliAving talmlation prepared by Mr. Heidi which gives the recip¬ 
rocal values, the disjdaccmcnls re*|niret| to protlnee one horsepower. The 
figures given arc average.s foi ijractfr.illy al) engines of e.ach class now on 
the American market, To prtKlmr <nc lu»r.srpower rcf|tiires— 

11 cu1)ic inches in truck, tractor ami industrial enginrs of over 500 cubic 
inch disf)laceniei)t 

6 cubic inches in four-cylinder pa.sscugcr car engines 

3,75 cubic Inches in si.x- and eiglit-e> linder pas'seiiger car engine.s 

0.,S9 cubic inches in snpereharged nieing^ engines 

Analyzing some published figures of h<»rse]»iwer output and piston dis¬ 
placement we finci that all aviation euginc.s are superior to aulomoliile en¬ 
gines. Thai having the greatest di.s|»lacemcnl i»cr hor&cjMnver, i.e.. the 
(‘urtiss 0X5 is the one more nearly aiiproxiinatiug automobile practice. 
The OX seric.s give about one horsCjH^wer for each five incbe.s displacement. 
A great improvement is noted in later Curtiss designs however, as we find 
one horsepower for each 2.8 cubic inches in ilic 1)12 an<l one horsepower 
for each 2.5 cubic inchc.s in the VI570 eugiiio. The Packard engines range 
from 2.3 cubic inche.s per horscfiower in the 1.^2775 to one horsepower per 
three cubic inches in the other lyiK-s. The I’ratt ami Whitney Wasp shows 
one horsepower for each 3.3 cubic inches as does the Hornet engine of the 
same manufacture. The Wright J5 delivers one horsepower for each 3.5 
cubic inches of piston displacenicnl. The difference between the Wright 
J5 and the Pratt and Whitney engines may be ascribed to the use of a super¬ 
charger by the latter. 

The high efficiency value olitaiiied by racing auto engines of 0,59 cubic 
inch per horsepower cannot he reached by aviation engines for two reasons, 
the most important being that the high r.p.m, is m»t practical in the light of 
our present knowledge owing to gear reduction ilrive difliciilties with avia- 
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tion engines and also due to the fact that the supercharger of an avtatioi* 
engine ist used primarily to maintain engine power at high altitudes when 
the air is thin and not for increasing power at sea level because airp1anc^ 
fly at high altitudes. 

Mr. Heldt gives the following average brake mean effective pressure^ 
for engines of the different classes: 

68.5 pounds per square inch for truck, tractor and industrial engines of 
over 500 cubic inch displacement 

59 pounds per square inch for fonr^cylinder passenger car engines 

76 pounds per s([uare Inch for six- an<l eight-cylinder passenger car 
engines 

197 pounds per square inch for supercharged racing engines. 

The range of brake mean effective pressures is higher in aviation engines 
than in automobile engines because higher compression is employed ainl 
values as high as LV5 pounds per square inch are realized In practice though 
the average value will be nearer 120 pounds per stjuare inch than the higher 
figure. This value is based on compression pressure rather than rotative or 
piston speeds exclusively, as compression before ignition is an important 
factor in securing high brake mean effective pressure. 

Crankshaft Vibration Limits Speed.—To prevent crankshaft viliration 
due to increased rp.m. we must increase the shaft diameter and thus raise 
the natural speed of torsional vibration of the shaft. The critical specil 
varies substantially as the square of the crankshaft diameter^ and. accoril- 
ing to Mr. Ileldt. if the sf>eed range of the engine is increased, and it is 
desired that the relation of the different critical speeds to the S])eed range 
remain the same, the crankshaft <liatneter must he increased in the propor¬ 
tion of the square root of the speed Increase. Actually the diameter should 
increase somewhat fa.ster than the square root of the speed, for the leason 
that when the main journals are increased in diameter the crank])ins anil 
crankarms are also increased in size and this adds to the vibrating mass. 
The magnitude of this influence has to be estimated, but it is probably not 
far wrong to assume that in order to keep the relation between different 
critical speeds and the speed range the same, the crankshaft main bearing 
diameter must vary about as the 0.6th power (instead of the 0.5th) of the 
speed. Therefore, if the speed of the engine is doubled the crankshaft di¬ 
ameter must be incrca.sed in the projKirtion of (roughly) 1.5 to 1. 

Inertia Forces Increase with Speed.—One of the most serious results of 
an increase in engine speed is the accomjianying Increase in inertia and 
centrifugal forces. If the reciprocating and rotating weights remain the 
same, then these forces increase as the square of the sjieed. and. therefore, 
much faster than the power. These force.s subject the members on which 
they act, and adjacent members, to additional stresses, and by increasing 
the loads on the bearings, they add to the frictional losses. Considering 
for the moment only the inertia forces, they depend chiefly on the speed 
of rotation, increasing as the square of this factor, and also on the length 
of stroke and the mass of the reciprocating parts. If the speed is to be in¬ 
creased, the only way in which the inertia force can be kept down is by 
reducing the mass of the reciprocating parts. 
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In the higher speed engines the reciprocating parts therefore must of 
necessity be lightened. As regards the pistons, this can be done either by 
cutting down the thickness of the skirt to a minimum and reducing the 
length, or by casting the piston of light alloy. As regards ihe connecting 
rod. its weight can be Icssenctl by making it of alloy instead of carbon steel 
and by machining it all tjver. In noiiic engines of recent development forged 
iluralumin connecting rods have been successfully employed. All of these 
changes from conventional practice (or moderate speed engines involve 
additional cost. There arc, of course, limits to the reduction in weight of 
bdlh pistem and connecting rods, and with very high-speed engines the 
inertia forces aiui consecpient hearing loatls will inevitably he higher. 

Bearings Heat at High Speed.—At very high speeds it is difficult to pre- 
venl the bearjugs^^sijecially the crankpin hearings—from overheating. 
The generation of heat iti jdaiii bearings depends u)>on the rubbing sjteed 
and also upon ibe load on the hearing. When the engine speed is increased, 
that in itself increases the rubbing s{>eed. The latter is further increased 
by the fact that if the engine is ti> he run at materially higher speed its 
crankshaft and crankpin bearings must he made larger in diameter. Finally, 
the load on the bearing is incrca.sed by the increase in the inertia forces. 
Uall and roller main bearings can be <»peraled at higher speeds and under 
heavier loads without heating or frictuMt losses than plain bearings, though 
(heir sir.e and weight compare<l to a |dain babbitt bearing precludes their 
use in connecting-nKl big-cnds id very high-speed engines. 'Hie speed of 
modem aviation engines tiKlay is limited by: (if) breathing capacity, (b) 
the dis5i])ation (»f heat from the connecting-rod big-en<l [hearings, and (r) 
the meclnauical <iperati<»n of the valves. The breathing capacity can be al¬ 
most doubled, if necessary, by employing a dimblc row of valves along the 
engine and hy using two cam.shafts. but so d<dng brings the effect of (&) 
and (c) into play. Ily using roller-hearings or floating bu.shings, the fric¬ 
tion and heat-flow from the big-end bearings can be minimized; and, by 
mounting the camshafts <lircctly against the valves, the mass to he acceler¬ 
ated can be reduced. Uy such means the maximum {>ower can, if necessary, 
he attained at piston speeds exceeding 4.0U0 feet per minute: hut the piston 
speed of the simplest form of high-s|>eed engine—with plain bearing.s and 
a .single camshaft as near the crankshaft as jiossihle—is limited to about 
2.500 feet per minute, for niaxiimim power. 

The crankpin bearing load also ile]>ciKls to a considerable extent upon 
the centrifugal force on the connccling-rod head, which also increases as the 
R'tuare of the speed of rotation. Tins, to a certain extent, is an important 
factor limiting the speed of radial c»r W engines where three or more con¬ 
necting rods terminate on one crankpin hearing, In this case, too, the only 
means of keeping down the force is by lighleiiing the member, and a cunsid- 
erahic improvement has been made in this respect by sjiinning the l>abbitt 
lining directly into the head instead of fitting removable bearing shells. 
This is probably the only instance where lightening of the moving parts has 
not resulted in increased cost. The spnn-in bearing has the further advan¬ 
tage that there is no break in the path of heat flow from the bearing surface 
to the metal of the rod. 
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OIT>Set Cylindm.—Another point upon which considerable difference 
of opinion existed related to the method of placing the cylinder upon thi 
crankcase—i.e., whether its center line should be placed directly over th< 
center of the crankshaft, or to one side of center. The motor shown at 
Fig. 285 is an off-set type, in that the center line of the cylinder is a little 


fhcktr Arm . leaf 



Pif. 28S.<—Crou Section of Early Auatro*Daimler Engine Showing Off*Set Cylinder 
Construction. Note Peculiar Valve Action and Use of Laminated Leaf Spring to 

Return Valvee to their Seating. 

to one side of the center of the crank.shaft. Diagrams are presented at Fig. 
286 which show the advantages of off-set crankshaft construction. The 
view at A is a section through a simple motor with the conventional cyliu- 
der placing, the center line of both crankshaft and cylinder coinciding 
The view at B shows the cylinder placed to one side of center so that it.« 
center line is distinct from that of the crankshaft and at some distance from 
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t. The amount o{ off-set allowed is a jxjint of contention, the usual amount 
licinff from fifteen to 25 i»er cent of the stroke. The advantages of the 
aff-set arc shown at Fig. 286 C. H the crank turns in direction of the 
arrow there is a certain resistance to motion which is proportional to the 
amount of energy exerted hy the engine and the resistance offered by the 
load. There are two thru.sts acting against the cylinder wall to be con¬ 
sidered, that due to explosion or expansion of the gas, and that which 





Fig. 2S6.—DUgramB Dcmonctrsting Advantages of Off-Set Crankshaft Construction. 

resists the motion of the piston. These thrtisls may be represented by 
arrows, one which acts directly in a vertical direction on the pi.slon top, 
the other along a straight line through the center of the connecting rod. 
Between these two thrusts one can draw a line representing a resultant 
force which serves to bring the piston in forcildc contact with one side of 
the cylinder wall, this being km*wn as side thrust. As shown at C, the 
crankshaft is at 90 degrees, or alxiut one-half stroke, and the connecting 
rod is at twenty degrees angle. The shorter c<mncct[ng rod would increase 
the diagonal rcsiillant and side thrusts, while a longer one would reduce 
the angle of the connecting n»d and the side thrust of the ])iston would be 
less. With the off-set construction, as shown at D, it will l>e noticed that 
with the same connecting-rod length as shown at C and with the crank¬ 
shaft at 90 degree.^ of the circle that the connecting-rod angle is fourteen 
degrees and the side thrust is reduced proportionately. 
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Another advantage claimed j5 that greater efficiency is obtained from thf 
explosion with an off-set crankshaft, because the crank is already inclinor 
when the piston is at top center, and all the energy imparted to the pistni 
by the burning mixture can he exerted directly into producing a usefii’ 
turning effort. When a cylinder is placed directly on a line with the 
crankshaft, as shown at A, it will he evident that some of the forcr 
produced by the ex]jansiou of the gas will he exerted in a direct linr 
and until the crank m<jvcs the crank throw and connecting rod are prac 
tically a solid member. The pressure which might be empl<»yed in obtain 
ing useful turning effort is >vasle<l by causing a direct momentary pressun 
upon the b)wer half of the main bearing and the upper half of the crankpin 
bushing. Very easily nndcrsloo<l illnsiratnms showing advantages of the 
off-set construcli<m arc sh(»wn at E and F. 1‘his is a bicycle crank-hangir 
It is advanced that the effort of the rider is not as well applied when tlic 
crank is at position K as when it is at jKisition F. Position K correspumK 
to the position of the jiarts when the cylinder is placed directly over the 
crankshaft center. Position F may be compared Xo the enjudition which 
is present when the off-set cylinder cnnslruciam is used. 

QUESTIONS FOR REVIEW 

1. Outline common nu't)k(«<ls of :ur|)bnc inoinr cylimUT nMi>lniction. 

2. What arc aclvniuaxc^ of l>li>cK coiistruciioir 

3. Why is coiiilKtslioii-chamUcr form important? 

4. What ii the difference helwcen wcl and dry hlecve c>liii<U*r coiii»irucl(oii^ 

5. Name common methods of locatiiift valves in automotive CDxmc cylinderi^. 

6. Why is the I head form used i»n nio^l airplane cw^iuo} 

7. How arc valves in 1. head eybnders oj>crated? 

ft. Descrilie variiKts fornix of overhead valve Rear. 

'9. Why are multiple valve springs advantageous? 

10. How do sj)rlnglcss valves work^ 

11. Descrihe Knight sleeve valve construction. 

12. How docs a single sleeve valve wurk* 

13. What the best cniiMnictiim for aero engine valves? 

14. Whui is the effect of velocity on power output? 

15. Describe a typical rocker compensating gear ami give reasons for its use. 
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AIR-COOLED CYLINDER CONSTRUCTION 

Air-Cooled Cylinder Design^Temperatqre DUtributioA in Air-Cooled Cylinder-^ 
Effecte of Cooling Air Supply-Quantity of Air Needed for CooUng^Bffect of 
Mixture Strength on Cooling—Effect of Air Blatt I>irection«Air*Cooled Cylinder 
Pome—Cooling Fin Dimentione—Law of Heat RadiatioiwHeat Plow in Pine» 
Rectangular Pina—Rate* of Heat DUeipation—Circumferential Pinning Beat— 
Type! of Air-Cooled Cylinder Heads—How Auto and Aviation Practice Differ— 
Large Cylinder! Air-Cooled—Spherical and Roof Heade—Compoiite Cylinder 
Conetruction—Alloy Head Cast on Steel Barrel—Bohed-on Separable Heade— 
Celt Cylinder of Alloy with Liner—Steel Barrel with Alloy Cai^Materiale for 
Air-Cooled Cylinders—Alloye for Cylinder Heads—Caat Iron for Cylinders—Im¬ 
proved Meth^ of Melting Cylinder Iron—Nkhrome Improves Cylinder Iron. 

A great anuiiint of researeU work has l>een <loiic hy S. 1). Heron, 
NF.S.A.E.. who for a time was nn aeronaiilKal tnrchanieal engineer at 
McCook Eicid, Dayton. on air-coi»!e<l cyliiirlers am I this work has 

^t^pplemcnlcd previous wt»rk carriyd on in England hy Dr. Gihson of the 
K«>yal Aircraft EstnhliMhmont. in which Mr. Heron assisted. This subject 
was covered at length and in cmisidenildc ileUil in a |Kti)er read l>cfore the 
Dayton sectum of the S.A.K. and pnldishcd in the Jotirnal of the Society 
in Aiiril, 1922. 

Air-Cooled Cylinder Design.—Invc.stigalion hy Mr. Heron has shown 
tliat for every brake horsepower dcvelojwd an average of approximately 
0 6 horsepower or 25 li.Ut. per niinnlc lias to l>c dissipated directly to the 
C(K>ling air by the external ctsding surface of the cylinder. In addition, 
0 4 to 0.5 lior.sepinvcr ha.*^ to be dissipated by tlie oil, by conduction to and 
nuiiatiun fnnn the crankcase and similar means. The amount of heal 
absorbed by the oil wdll depend largely iijum the amount reaching the 
rylin<lcr and the pistfm walls and the facilities for cooling the oil. Power 
• aitput, fuel con.surnption and cylinder-wall temperatures, such as arc 
([noted herein, arc dependent uiKin Iil>eral splash lubrication and the re* 
sultant oil-cooling. 

In the light of pre.sent-day knowledge a design for a cylinder of high 
MUtpnl has to fulfill ai>proxrmatidy the follow'ing refpiircments: 

fl) Develo]) a volumetric efficiency of 80 to 85 per cent 

(2) Produce a brake mean effective pressure of at least 130 pounds per 
square inch at the normal speed tm a maximum fuel-consumption 
of 0.56 pound per brake horsepower-hour 

(3) Dissipate 25 B.t.u. per minute |>er brake horsepower from the ex¬ 
ternal cooling surfaces of cylinder, this heat to he dissipated so that 
the maximum temperature of any portion of the exterior of the 
cylinder walls does not exceed 550 degrees Fahrenheit, and it is 
preferable that it be lower. In addition, the mean temperature of 
the exterior of the cylinder walls should not exceed 350 degrees 
Fahrenheit. To pnMluce a layout that fulfills the stated require¬ 
ments, it is necessary that heal-fiow be the primary point in mind 
during design. 
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Temperature Distribution in Air-Cooled Cylinder.—As the amount o 
heat lost to the walls from the charjjc differs largely in various parts of tli 
cylinder, it is obvious that to have anythin^j like even temperatiUi 
distribution, the sujiply of cooling air to any portion of the cylinder shouir 
be pro|K>rlionc<l a|>i»roximaldy to the amoutit i»f heat ^fiven to that jK>rtini 
nf the cylinder. Considering a normal desijrn <»f nvcrhead-valve cylindc 
with circumferential ciHilinK-fins, it is evident that the side of the cylindot 
head and barrel that carries the exhaust ports will receive the greatest hesr. 
supply per unit area, and tliereh*rc should receive the major pt»rtion an ; 
the greatest effect of the cooling air siijiply. This re<|uiremcnt is suitably 
met by ap|>lying the cooling blast on the exhaust side of the cylinder. In 
practice, with such blast atiplication. the circumfcrenlial temperature- 
difference at the top of the cylindrical jH>rtion nf the conibu.stion-chainbir 
will not exceed 50 degrees Fahrenheit. Toward the base of the cylitnUr 
the circumferential temperature-differences will probably increase, but this 
is usually of little immient, since the maximum temjieratnrcs attained therr' 
arc low, Contrary to the opinion comnnmiy held in this country and often 
advanced by cipixments air-coole<l engines the Imrk or side (jf the cylin 
der that is in the lee of the blast, does Slot give overheating trouble when 
the cylinder design is sound and the air .*«upply is suitably arranged. 

Uneven temperature distrilmtum, whether caiiseil by poor air distribu¬ 
tion or by cylinder walls lacking the reeptired heat-flow cajiacity to equal¬ 
ize the temjicralurc distrilnUion, has a Ci»nsi<iorable effect on the output, 
thermal efficiency and reli«ibility of a cylinder. Very uneven dislributitoi 
of temperature will result in the local de\ clojinicnt t»f an excessive tem|>efa' 
ture and overheated exhaust-valves. These faults in their turn lead tu 
decreased volunielric efficiency and the use of rich mixtures to check deto¬ 
nation, to reduce the flame temperature and to cool the walls iniernally. 

Effects of Cooling Air Supply.—^The tcmjwrature of an air-cooled en¬ 
gine is deterinine<l by the cooling-air leniperalurc as a dalum point. If 
the air temperature rises 50 degrees Fahrenheti, the actual cylinder tem¬ 
peratures arc sensibly tncrea.sed by that amount. In general, with nii 
efficient cylinder design, the effect nf the air temperature is little felt. .\ 
Cfinsiderable rise in the air temperature incrca.ses the cylinder tcm])craturc. 
but it simultaneously reduces the charge weight, and thus to si^mc extent 
the heat to be dissii>ated by the cylinder is diminished. A variation of 3.^1^ 
degrees Fahrenheit in maximum cylinder-tcnipcraturc at full throttle is 
jpermissible for short peruHls of time, such as exi.st during a fast steep 
climb by an airplane or the ascent of a mountain jjass by an air-cooled car 
That cylindcr-temijeraturc control is necessary for air-cooled aircraft 
engines has yet to be proved in practice, although urged as a disadvantagt' 
of air-cooling by its o|j|)oncnts. The stabilization of the carburetor tern* 
peralure is much more likely to be found ueces.sary, due to the rapidity with 
which an air-cooled engine cools during a glide or dive when switched off 
or idling compared to the cooling down of a water-cooled cylinder under 
similar conditions. 

An investigation of the amount of air required to carry away the heat 
dissipated from the external cooling surfaces of air-cooled cylinders is ut 
considerable interest. For aircraft it is desirable to use as little cooling aii 
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ns possible to minitnizc the head resistance. For automobile work» where 
tan or blower cooling is used, economy of power absorbed by the fan is to 
i)e aimed at. In both cases, however, economy in the cooling air supply 
may be dearly bought. An inevitable result of insufficient cooling air 
supply is a hot engine, requiring more fuel for a given net performance 
than an engine supplied with more c«H>Hng air, and having a lower specific 
fuel-consumption per overall horsepower which is the effective horsepower 
plus the horsepower absorbed in cooling. Experience, however, has shown 
that to produce an air-ccHiled cylinder that is comparable in output with a 
high-class water-c<»oled design, the cooling medium must flow over all 



Fig 287.^Temperaturt Readings at Various Positions of the Aireo Aircraft Engine 

Cylinder. 


portions of the cylinder-head and liarrel. Air will not flow around sharp 
corners or through fins at 90 degrees t<i the airstream merely to fit in with 
the imagination of the sanguine designer. Numerous tests have demon¬ 
strated that siamesed cxhansl-|x»rts, and exhaust and intake ports without 
cny air space between them, are altogether unsound. This is markedly 
comparable with exi)criencc on water-cooled cylinders of high output, but 
water is like the brc»ad mantle of charily, it covers a multitude of sins. 
Defects in design that arc not apparent in water-cooled engines are clearly 
indicated by reduced efficiency of an air-cooled cylinder. 

The aim in design should be to renmvc as far as possible the heat 
from the cylinder at the point where it is given to the head, ports and 
barrel. Investigation has detmmstrated that neither a material of high 
conductivity nor an excessive crk»ling air-supply will remedy poor design. 
A simple cast-iron cylinder with only a small cooling air-snpply but ful¬ 
filling some of the fundamental necessities for efficient hcal-di.ssipation will 
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give a i>crformance much superior lo that of designs that presume to func 
tion by high wall or fin conductivity in conjunction with large quantitit 
of air supplied to those portions of the cylinder where little is needed an* 
a total lack of effective air-snpply where it is required. 

An attempt was ina<lc liy Mr. Heron lo estimate the quantity of ai; 
used for cooling a circumferential-fin cylinder by a free, unconfined. bUsi 
The method used is not exact by any means and is open to criticism, bu* 



Fig. 2$S.—>Cfots Section Showing Available Area for Ueeful Cooling Air Plow Pro¬ 
vided bf the Airco Cylinder. 

other data on cylinders of such size and efficiency arc lacking. The cylin¬ 
der used in the tests wa.s the Airco ni Syi by 0 inches, shown in Fig. 287 
developing 46.5 brake horsepower at 1.900 r.p.m., or a brake mean effective 
pressure of 136 pounds per square inch, and running in a mean blast of 
87 m.p.h., this velocity l>eing the mean of the velocities measured around 
the outside of the air-flow area contour shown in Fig. 288. The cylinder 
is assumed to \)e cooled so that all air supplied passes between the fins. 
It is assumed also that the atr velocity is constant from the roots to the 
tips of the fins. The air-flow area diagram takes no account of the fin 
thickness and otherwise gives a generous estimate of area available for 
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flow. This area, from the diagram, is 32 square inches. 

Quantity of Air Needed for Cooling.—The quantity of air used on tli» 
above basis is 1.700 ctil)ic feet ycr minute and is the product of the bla^ 
velocity in feet per nuniUe and the area available for flow in square ivv\ 
The number of cubic feet required per minute per brake horscpfiwer is 36 7 
The heat to be dissipated per minute per brake horse|H>wer is 25 B.t.u., 
a total of 1,160 B.t.u. per minute. The weight of air required per miniu* 
is 129 pounds. The mean temperature*rise of the air is equal to the Uitii. 
number of British thermal units dissipated per minute divided by the vveigli; 
of air required times the specific heat at constant pressure, o( 

l, 160 -7- (129 X 0.24) = 37 degrees Fahreiihcil. 

The cylinder use<l in this CNainpIc is. of course, a highly efficient <lesigii 
running nutlcr nearly ideal conditions. In fact, few alr-coole<l rylindeis 
of such size have given better ])crfurmance at a similar speed. 'I'be cyliiuli i 
was running at contimums full-throtlle. «ind even umler these circumstances 
a CfinsidcrHlde reductum in the blast velm'itv could Itave been made \vitli<aii 
materially affecting the jicrfonnanc'' or the teintjcralurc. Ibulcr combtiou' 
of intermittent fnlbthrottle oi^eralion or the equivalent of progressively 
throttling that apt>roximates the condition of a steady climb 1»y aircraft, a 
considcraldc reduction of air siijiply could bo made with safely. 

Owing to the fact that the cylinder vv.as <ipcrating in a free blast, mm h 
of the air siqiplied was not actually used for ctKiling. <luc to it striking tin* 
front tjf the cylinder and being deflected sideways and tbu.s not iiassiiig 
through the fins at the cylimier sides. This may be .in objection t(» the 
mctluKl used for estimating the air 5Ui>ply. Single cylinders have shown 
aj^proximalely the same tMTbinnancc when cowled so that all the .lir siqi- 
plied was effective inr ciMding, as when running in a free Mast of e<|u;il 
incan vehn'ity. In cowlr<l \'ee engines, where the ciwding air is supplied 
to the Vee and flows out sulcways between the cyliiulers. all the air .ivalia¬ 
ble for coidiiig has to pass through the fins and .some of these engnics have 
given remarkably ginsl results, especially llic Idl>crty air-ciHjled and th<* 
Wright Vee 1.456 shown at Fig. 231 in a j)recednig cliaj>ter. 

Effect of Mixture Strength on Cooling.—A mixturc-strcngiU of twelve 
or thirteen to one by weight, when used on the compt»sile aluminum ami 
steel aircraft cylinder, usually results in a fuel consumjdion of ai»pr(»xi- 

m. ately 0.55 ikhiikIs per brake horsepower^hour with aviation gasoline r>r 
aviation gasidinc and l>cnzol. This, however, only apidics at the most 
suitable ctunpression-ralio. If the ratio be high, fuel-consumptions 
have to be increased to eliminate detonation. That a fuel consumption i»f 
ajjproximatoly 0.55 minis per brake horsci>owcr-hnur usually pr<jduces 
the maximum power and the maximum cylinder-temperature is confirmeil 
by tests made by Mr. fleron. The maximum exhaust-valve temperature Is 
usually produced by approximately the optimum mixture-strength of 15.2 
to 1. The use of such mixtiires is, however, impossible on anything but a 
first-class design. This question is dealt with later under the subject of 
exhaust-valve cooling. The specific figures quoted for the mixture-strength 
will doubtless be pn^ductivc of criticism, since mixture-strength figures are 
tied up in the vexed question of volumetric efficiency. On the subject of 
the volumetric efficiency o{ cylinders uf such outputs as arc quoted in thi*- 
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j>apcr» no two investi^tors seem to he in agreement. The figures in which 
Mr. Heron has the most cause for confidence arc therefore used. 

The minimum fuel-con.sumption that an air-cooied cylinder will run 
.m is generally a measure of its soundness. In this respect a rather curious 
difference is noticeable l>etween efficient and unsound design. A poor de¬ 
sign will usually w<»rk over a wi<le range of fucl-consu nipt ion, say from 
0.7 to over 1.0 pounds per brake horsejMiwcr-hour, withe mt iiiucli variation 
(U the power output, whereas an efficient design will generally sh<iw a 
drop in the power outjmt if the fuel-c<msnniption at inaxiniuiii loatl of 
ajiproximatcly 0.55 p<niiids bo increa.scd by about fifteen per cent, the 
power jirogressivcly decreasing with u further increase of the inixturc- 
^ircngth. The reduction in the eylitMlcr-w«'ill tctu]icraturc obtained when 
the mixturc-slrenglh is enriched IkwoiuI twelve or lliirtcen to one may he 
.ittrihuted to the increase of internal cooling by the evajMiralion i»f 1i(|uid* 
fuel particles, and to the reducli<»n of b<ith the rate oi ffatiic propagation 
and the flame temperature. 

Effect of Air Blast Direction.^'rhe relative iint>i»rtancc of hl.'ist direc¬ 
tion for fairly large cylinders h indicated by Table ap)>ctidcd which gives 
figures of tests on an Airro cylinder with the Mast on the exhaust and on 
the inlet sides of the cylinder, the temperature jxisititms shown in 

Fig, 2ft7. The tabulation at Fig. 2X^1. rejiroituccd from the .9. .‘1. 71. Jnurna! 
and jircpared by Mr. Ilcron gives the output. tenitKTaturc and fuel con¬ 
sumption of the Airc<» cylinder, the various stations <m tbc cylinder where 
temperature was measured Inung clearly shown at Fig. 287. For example. 
TH3 is a point on the aluniinmn head Indwcen the valve p(»rt5, 

The circumferentini tcnipcratureHliffcrences at Tj,, around the cylindri¬ 
cal portion of the combustion-chamber, with a change of the bla.st direction 
arc Tv>lircal>le. With exhau.st-si<lc blast the difference i.s 33 degrees Fnrcn- 
heit, and with inlel-side blast it is .30! degrees Kahreidieit. 1‘hc increase 
with inlet-side blast of 107 degrees Kahreiiheil in teiujKTaturc at TH^. 
the hottest point of the cylinder, is sufficient in itself to show the marked 
effects of blast direction. With inlet-side blast ibc fuel-consunijition, al¬ 
though only slightly higher at the niaximiiin-load mixture, could not be 
ruluccd as much as with exhau.<l-side Mast. The tnininiuni fuel- 
(onsumplion with the inlcl-sidc blast was nine per cent higher than that 
<d>tainablc with the blast nii the exhaust side. 

Air-Cooled Cylinder Fomt—The j«iwer output for a given size and 
speed is controlled largely by comlmstion-chamlior design, size of valves, 
size and shape of p<jrts. and ctnding of the cylinder. It has been the ex¬ 
perience of nearly all experimenters that the nearer one can aj^proach to a 
spherical combustion-chamber, the better will be the results obtained. One 
of the most iinjiortunl unisldcrations in securing maximum |»t»wcr output 
is the size and shape of the intake and exhaust jw^rls. T]\v internal 
of the ports must be .such as to <»ffer the ininiuuim resistance iu the flow 
of the gases in and ihU of the cylimlcrs. while their external .sh.ipc must be 
such as to accomnurtlatc reasonable forms of intake and exhaust manifolds, 
and to offer the least possible interference to the flow of the cooling air 
around the cylinder head. In order to offer the least possible restriction to 
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gas flow, the passages within the ports must have easy bends with plent; 
of area at the bends, especially around the valve guide bosses. Rapif 
changes of section must be avoided, and the area of any section of the pas 
sage must always be as great as, or greater than, the clear, area of the valw 
opening. Of the two forms of combustion heads shown at Fig. 290 C V 
Taylor of the Wright Aeronautical Corporation is the authority for thr 
statement that the form at B is superior to that shown at A. The spheric.i* 
form of combustion<hamhcr is fiillowcd, easier gas flow in or out is oh 
tained, the valve is a tulip head, salt^cooled stem lyi>c. the stem guide 
clamped in instead of forced in and l>eUer flanging is evident. These con¬ 
clusions were also reached by S. O. Heron. 
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Perhaps the most diflicult )iroblem in air<ooled cylinder design is to 
secure proper cooling. In considering this problem, two principles must be 
kept in mind, namely; 

(1) The parts which receive the most heat are the parts which require 
the most ciwding air. 

(2) The blast of cfMilhig air must iiiijungc as directly as possible on 
the i>aris to be co<ile<l, with a iiiininiiiiii dependence upon the con¬ 
ductivity t»f heat through the metal or joints. 

The parts which receive the mo.st heat during engine operation arc \hv 
exhaust valve, exhaust port, comhusticm-chamher and cylinder barrel, in 
the order named. The amount of heat received in case of the Airco cyl¬ 
inder has been tabulated by Mr. Heron. 

In considering the ctioling of the exhaust valve it is obviously difficuli 
to apply the second principle since the valve is largely covered by the 
valve seat, port and guide as well as the valve-spring and even the an 
which might otherwise gel thnmgh the valve-spring to the upper end o( 
the valve-stem is cut off when an enclosed type of valve gear is used. 
fScc Figs. 280 and 28.L) Consequently, in this case It is necessary to de¬ 
pend upon the transfer of heat to the cylinder through the valve seat am’ 
valve guide. Proper cooling of the exhaust valve is largely a question oi 
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irovidin^ for th« best possible air cooling of these parts. This involves 
v ery careful designing as will be fully considered under the head of exhaust 
v'alve cooling. 

Arrangement of Cooling Fins.—The arrangement of 6ns on an air- 
rooled cylinder depends primarily on the position of the cylinder with 
respect to the air blast produced by the proi>e1ter slipstream. In aviation 
engine practice the air blast is directed against the side of the cylinder and 
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head at approximately right angles to the cylinder axis. When this id the 
case, some type of circumferential Aiming is retjuired and this has the 
ml lowing advantages as comjiared to Anning parallel to the cylinder axus. 
(a) Adds greatly to the strength of the cylinder to withstand internal 
pressure. 

fb) Is easily machined where machining is necessary. 

(c) le much easier to cast than the axial Anning. 

(d) Gives more cooling surface on the |>orts and comliustion-chamber. 
The question of the proper site and spacing of the Ans is one which has 

received a great deal of attention and has l«en the subject of a number of 



634 


MODRRN AVIATION ENGINES 


extensive research programs. The size and spacing of fins is largely con¬ 
trolled by the conductivity of the material use<l. lluwever, for most ma 
terials. the scientifically correct finning calls for fins spaced so closeU 
together and of such thin section that the mamifacturing difficitllies bcconi« 
)>rohilnlivc. Ant^ther consideration is that the fins must be snfTicientl' 
thick and strong ta avtnd damage in handling. A typical air«Kiled cylindcj 
of modern design is slnnvn at Fig. 283, this being a cjnnpo.slte structure. 

Cooling Fin Dimensions.—H'hc finning to be iise<l. tluTclore. is the resul: 
of a Cc mi pr< nni.se bet ween these factors. It lias been found that for aluin 
inum or cast-iron cylinders, a very giMxl design from all ])oints of view i^ 
io make the fin.s one inch long with a thickness of ^ of an inch at the rou; 
and !^o at the tip, with a spacing of % of an inch !>otween fin^ 

For steel, the fins may be half as thick and spaced as closely as J4 an inch 
Fins sluiuld not bo too closely spaced, hciwever, or they will radiate hcni 
from one to the oiher instead of to the air blast. Nfr. C. B. Uicksee. of the 
Automotive Engineering Department of the Wcslinglumse Electric aiul 
Manufacturing Ounpany writes in /ititowothr Inffustrics on the snbjcii 
of determining the cooling capacity of fins on crankcase or cylinder of an 
engine. He states that many attempts have been made ami are still being 
made to take ailvantage of the high Ihernml condnciiviiy of co])per in the 
cooling of air-cooled engines. The conductivity of copper is over eighi 
time.s that of cast iron or .steel and it is only natural for designers to assume 
that the sulxstitution of cop|>er for the inalcrials m<»re c<minionly employed 
will materially imjirovc the Ciioling of the engine. 

A cooling fin has two functions to perform: First, to i»rovi<je a surface 
from which heat may be rctmivrd by the air fl(*\ving over it; second, i<i 
pn)vide a path along which heat may fiow to the surface. The filial result 
obtained is dependent ujion ihe manner in which iHiih of tbe.se functions 
are jierformed. It is obviously absurd to provide a large amount of surface 
if means arc lacking for getting the heal to that surface. <ir to fit a fin of 
amjde cfuiductivity without giving it a corresponding aminint of surface 
In other words, fora fin to have the ninximtim efticiency the two functions 
must be in correct relation with each other. 

Law of Heat Radiation.—'Fhe rate at which heal is removed from a IkkIv 
by air fiowing <jver it is a direct function of the <llffcreiu*e in temperature 
existing between the two. It is also a function of the vcli*city of the air 
over the surface. From this it follows that the efficiency of a fin will 
depend upon its mean temperature measured alcove that of the air; while 
the ratio lictween this mean tcmjierature and that (also measured abon 
.nir) oi the parent h<x\y from which the fin springs, will he a direct measure 
of the effectivcne.ss of the fin relative to the surface of the parent body. 
This ratio may be conveniently expressed by the billowing equation: 

f = T,^i. 

where f = thc effectiveness of the fin, T* “ the mean temperature of the 
surface cif the fin and Ti“thc lcm|>tTature of the parent body, both 
measurer! al>ove air. 

Heat Flow in Pint,—The tcmi>erature of the surface of the fin will fuh 
from a value at its root equal to that <d the parent body to some lower vahn 
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it the extreme tip. The difference in temperature between any two points 
I a and b, Fig. 291) across the surface of the hn will be directly proportional 
to the distance between them and the rate of heat flow, and inversely pro- 
iiortional to the thermal conductivity of the material from which the hn is 
*nadc and to the area of the path aK>ng which the heat is flowing. 

This fundamental relationship may l>e expressed by the following 
nation: 

QXD 

t =- (1) 

K.Xa 

where t” temperature difference l>etwcen the two points considered. 

Q = rate of heat fli»w in watts. 

distance between the [xiinis in inches. 

Ki = thermal conductivity <»f material in walts/sqnare inches in de¬ 
gree Centigrade. 

a = arca of path along which the heat is flowing, in square inches. 

It will be well here to state that to simplify the analysis the heat is 



ACTUAL FLOW 


"if. ^l.«DiafrAm Showing Actual and Aitumed Plow in Taper Section Heat 

Radiating Plange. 
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assumed to flow directly from root to tip of fin in a direction parallel to the 
axis of the fin. This is not strictly true, as actually the heat flows from the 
inner part of the fin toward the surface and in most cases in practice thert- 
will also be a flow in the third direction along the length of the fin» due t( 
diflerences in temperature at different points on the surface of the pareni 
body. The illustration will make this point somewhat clearer. In the case 
of a cooling fin heat is lost from all points across the surface* so that ihv 
rate of heat flow past the point a (Fig. 291) will be greater than that pasi 
the point b, which is more remote from the parent body. As a consequence, 
the temperature gradient across the fin tends to decrease toward the tip 
Where fins arc cither ca.st or marhinert from the solid metal they arc 
usually tapered toward the lip. so that the area of path provided for thi 
heat decreases as the distance from the parent body increases. This tcncK 
to increase the temperature gradient, but, the tai>cr is never such as to nfTsn 
entirely the effect of the reduction in the quantity of heat flowing. It is 
possible to design a fin such that the temperature will decrease at a con¬ 
stant rate from root to lip. but such a shape is impossible for practic;d 
reasons. 

When copper fins were employed they were usually made from shed 
metal attached by some means l<i a steel or cast-iron cylinder barret. It 
has also become accepted practice to east into iron barrels fins made from 
sheet or strip steel. In such cases the fins will have a rectangular cross 
section, and it is chiefly with such fins that it is pro}>ose(l to deal in these 
notes. 

Rectangular Fina.^Thc mean temperature of a fin of rectangular cross 
section and finite height may l>e calculated from the following equation, 
which is derived from the fundamental equation quoted above: 

T. tanh bh 

T«=- (2) 

bh 


where Tm *= mean lempcraiun* of fin alH»ve air. degree Centigrade. 

= tcmiieratiirc of parent biidy a1x)ve air, degree Centigrade. 
h = height of fin. inches. 

b=^ \/''zXji 

V K. Xa 

K, = ratc cjf heat exchange 1>clween surface and air, watts/squarc 
inch/dcgrec Centigrade difference. 
s = IKTinietcr of fin in inches. 

a = area of jwith provided for heat flow, in square inches, 
in general it will l>c finmd convenient to deal with a strip of fin one 
inch long. In this case, s becomes two and a becomes equal (numerically) 
to the thickness of the material forming the fin. 

A$ already stated, 

f T^',. 

tanh b h 

hence t = 

hh 

A few moments' reflection will show that the expression h is capab)« 
of a further slight simplication. The two factors com]K>8mg the denomina 
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I or are those which determine the value of the fin as a conductor of heat, 
lUst as the value of an electric conductor is detennined by its cross section 
.iud the resistivity of the material. The product of these two factors, which 
may conveniently be called the “conductivity factor” and designated by 
the symbol C, forms a valuable basis of comparison. The value of Ki 
(han^es with the material, while a is solely dependent upon its thickness. 
Kence, by suitably choosing? the thickne.ss, the value of C may be kept 
constant, and also the value of f, whatever the material employed, 

Actually, a change in thickness will result in a change in the area 
presented by, and therefore the heat dissipatcfl from, the end of the fin. hut 
m most cases this will be so small as to he ncpHNc. For a given height 
of fin, a series of curves may therefore be drawn showing the variation of 
effectiveness with the conductivity factor at different rates of heat <!issipa- 
oon, and tl\is scries may then be used to determine the effectiveness of fins 
of that height in any material. 

Such a series was prepared by Mr. Dicksoe which was drawn for fins 
Iinches high. From this it was pointed out that at first the value of 
the effectiveness factor increases at a rapic! rate, but that later the rate 
falls off till there is only a relatively small increase for a material increase 
in the conductivity factor. This shows that there is a limit to the value 
nf the conductivity factor l»eyond uhleh it will m*t ]>ay to go. Mi»rc par¬ 
ticularly is this the ca.se at the lower rates of heat exchange which arc 
ol)tained at low air vcbicitics. Low rates of exchange give a well defined 
knee in the curve; at the higher rales this is not .so well defined, and the 
economic limit is therefore not quite ,so definite, bnt may none the less 
l)c fairly closely determined. 

A line <!rawn cr<»ssing the group of curves indicates apjiroxiinatcly the 
limit for the \'/i inch fin. The more clearly to illusirate wliat thus means, 
the following table, which gives the economic limits of C for the 1}4 inch 
fins at several tales Ir.ansfer. is ap|«*iided. Thi.s shows the thickness 
which is represented by these values in several different materials. 


U.ilt* of cxi'liaugc. in/C, (Kv) ... .02 .fM .tVi W .10 .12 

ICronotinc iinil of Conductivity Km'tnr.Utl .125 .145 .1()5 .175 .190 

Thermal 

Coml’iV 


Material (Ki) Thickness (C/Kt). Inches 

Copper . 9.0 .010 .014 .<U6 .018 .019 .021 

.^'uminum . 5.0 .018 .025 .029 .032 .034 .038 

Itrass . 3.0 .039 .(M2 .048 .055 .058 .063 

Steel or Cast Iron . l.l .082 .114 .132 .150 .159 .173 


Some of the thicknesses given in the table are obviously out of the 
question from practical considerations, and this is i»articularly so in the 
case of copper, where the economic thickness is only 0.021 inches for this 
height with a rate of transfer as high a.s 0.12 watts/square inch/degrccs 
Centigrade. The determination of rate of heat transfer in Mr. Dicksee’s 
test was measured electrically which explains the use of a fraction of a 
watt as a unit of measurement. 
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It roust be remembered, however, that the smaller the quantity of air 
used the greater will be its increase in temperature, so that while the 
temperature difference between the air and cylinder may remain prac¬ 
tically unchanged, the mean lem|KTature of the cylinder has actually in 
creased. While it is temperature difference l>etwecn air and metal tha^ 
governs the cooling, it is true temperature which governs engine opera 
tion, A further point is th.at the rate of dissijiation does not remain 
constant in the case of an automobile engine. Actually the rate of dissipa¬ 
tion varies as a function of the engine r.p.m. The pressure produced h\ 
the blower or fan. or the slipstream of the propeller varies as the square <>( 
the r.p.m. and the vclorily of flow of air through any sy.stem varies as thr 
square root of the pressure, hence the velocity of the air varies directly as 
the r.p.m. The rate of dissipation ihtTcforc l>cars the same relation to thr 
r.p.m. as it docs to the air vchH'ity. The cltangc in rale of dissipation 
with speed must consequently be taken into account when arriving at the 
actual proportions of the fm which ."ire to In* ad(»pted- It will be foiin<i 
that for any particular fin the final cooling effect as given by the product 
(A X K») will contimic to increase with an increase of K, despite the 
decrease of effectiveness. 

Rates of Heat Dissipation.—These notes would be incomplete if some 
mention were niutlc of the rale of dissipation whirli is to be expected 
at a given air velocity. The whole question <»f di.Hsi])Htion is a very involve<I 
one, and various observers do not agree as to absolute value.s. In a previ¬ 
ous diseussion Mr. Dlcksec slated that the rate of dissiputiim was given 
by the equation K, = 0.0145 V where K, = ratc of dissipation in watts/ 
square iiich/degree Centigrade diff., and V = velocity of air in thousandths 
of feet per minute. These values, which were olj|aine<l from some experi¬ 
ments in which the air fl<»wed in a fairly smooth stream, wouhl apjicar to l>e 
somewhat loo low for engine work. In most eases in actual practice the 
air stream will be in a dccidc<nv turbulent slate and as a result the rate of 
exchange will be increased. 

Uncertainty as to tlic true rate id heat transfer, however, will not in 
the least detract from the value of the analysis of any pro|><i.scd arrangi- 
ment.s of fin.s, as results will have relative values which are directly conn 
parable with each other, and the advantage or otherwise <d any one 
particular arrangement over another may he readily determined. In the 
foreg<nng reference was had practically entirely to fins having a rec¬ 
tangular cros.s section. The difference in results pr<»duccd by tapering the 
fins is, however, surprisingly small. This is particularly so in the case of 
fins of thicker section.^ .such as arc suitable for casting or machining from 
solid metal. The actual error from treating a tai>cred fin of moderate 
section as one of rectangular section equal in thickness to that at the root 
of the tapered one will be relatively small. Tapered fins do not lend them¬ 
selves to solution by a simple equation such as that given for rectangular 
ones. 

Mr. Dicksee states that it would appear that the advantages to be 
gained by the sul>stilulitni of copper ior .steel or cast iron will not be by 
any means as great as would l»e expected from a consideration of their 
relative conductivities alone. To reap the greatest l>enefit from the high 



CIRCUMFERENTIAL.FINNING BEST 


639 


. anductivity of copper, the material <(hould be applied in the form of 
(Uimcrous thin fins. The problem of securing such fins commercially and 
economically to a steel or cast«iron l>arrel still awaits a satisfactory solution, 
rhe mere substitution of copper in the same dimensions will not result in 
any great improvement, though in some instances it may 1)C beneficial. 

Circumferential Finning Best.—The circumferential fin, on the whole, 
appears to have the niaj<»nty of the a<lvaiUagcs according Mr. S. D. Heron, 
fiir aviation engine cylinders. It gives a considerable slifTening effect to 
the cylinder that i.s of advantage in resisting distortion under temperature, 
explosion and bending stresses. Circumferential finning in general simpli¬ 
fies the problem of licsl applying the air-supply to the cylinders. A combi¬ 
nation of ciTcnmfercnlial fins for llic barrel and the cylindrical portion of 
the head with circumferential and axial fins or axial fins alone for the 
crown is used at times niul is practically essential for four-valve roof-bead 
types. In the foinulry a cylinder with circumferential fuming is a decidedly 
superior pniducljon proposition to one comtdetcly filmed with radial axial 
fins. The t>ivotal |><nnt in the design with a cast air-Cindeit cylinder or head 
is really fiumdry production. It is usc1es.s to produce a design* that will 
not mould readily or that calls for complicated ct»riug. 

The use of axial fa<linl fins makes it extremely dilTiriilt to provide any 
effective finning t*i the cyliiKlcr crown, and imist types (»f such cylinders 
exhibit a singular Ixtrcnes.s as regards .such finning. It I.s, of course, easy 
to design a crown covered with fins, but produce a fin layout for it that 
can l>c cast readily and that will give an cfiicient nir-fiow llirtuigh the fin 
spaces ia aiiolher matter. In aut<unoliiles. where blcnver cooling is used and 
air from a pressure blower is <lirectcd by a conduit to the tojtof the cylinders, 
as in the Franklin, .axial radial fins arc absolutely necessary and beat ab¬ 
sorbing qualities are secured by using plenty <if mclal in ibe head to make 
up ior lack of finning. 

The finning and cooling of the cylinder-head is much more important 
than that of the b.arrel. Most asial-fiu designs rely u]Hm the barrel finning 
to cool the cylinticr crown, a very thick cr<»wn being used to conduct the 
heat from the center of the head to the l»arre!. Such |>raclice is not sound, 
as it places a double duty upon the finning <»f the comhiistfon-chamber sides 
and, further, the heal is not dissipated from the crown at the point of its 
reception. Attemjits io use such a construction, although |>n»ducing passa¬ 
ble results in cylinders of small caiwcity. have, in Europe at any rate, 
invariably given trouble when applietl tc* cylinders of over 100 cubic 
inch capacity. Reliable figures have yet t(* show that such a design 
in any size can compare in performance with cylinders in which an attempt 
is made to dissipate the heat at its point of reception. 

Overheating of the lee side of a circumferentially finned cylinder does 
not occur in a cylinder of correct design. The view generally accepted in 
this country that overheating of the Jee side *)( a circumferentially finned 
cylinder is inevitable has arisen mainly from the performance of very light 
steel aircraft-engine cylin<lcrs. mostly of Eurc»pean origiu, and all of poor 
design. Thin cast-iron cylinders with the air-supply unsuitably arranged 
have also helped to confirm the fears of lee-side twerheating. 
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For aircraft cyllnder^heads and all cast-iron or semi-steel cylinder 
the cast fin appears to be the most loftical. For automobile- or motorcycU* 
engine cylinders the cast fin is undoubtedly the cheapest and the powti 
output obtained thtes not justify the use of fins produced by machining 
or casting-in except cm highly rermed engines of costly cars such as tin 
Franklin. On airiTafl-cnginc cylinder barrels machined fins can be usc». 
on account of the reduced weight, but this calls b>r expensive construclior 
because the tubing or forging used must have a wall tbickness great enough 
to permit machining fins of the proper height which means that considera¬ 
ble metal must 1)C removed from the rough cylinder and wasted. 

Typts of Air-Cooled Cylinder Head.^In general the work on which tin* 
experience of Mr. Heron is based shows that the flat head dues not c<mi])an 
favorably, as regards cilbcr power output or ctKding efTiciciicy, with tin 
spherical or roof types in air-C(Hjlcd cylinders. The reasons for this an* 
plain. In the first place, the flat head renders it difficult to maintain tlu* 
required air-spaccs between the valve |>orts and tbc necessary metal see- 
tit JUS Iwtween the valve-seats >vilhont reducing the valve sizes excessively. 
Large air-s]»aces between the inlet- and exhaust-valve ports are desirable 
with three- or bmr-valvc designs empli»ying a pair of exbaust-valves, aiul il 
is es.sential to have a minimum air-spacc of ^ inch 1>etweeii the adjacent 
cxhaust-porl walls in such tyjies. Further, with aluminum heads, it \s 
necessary to maintain approximately ^ inch as a minimuni section of 
aluminum betw'een adjacent exhaust-valve seat-inserts; otherwise over¬ 
heating. distortion and cracking will 1>e apt to (K'cur. It is not wise to 
reduce this section much l>ctvvccn pairs of inlet scats or between adjacent 
exhaust and inlet seat-inserts. 

With a flat head the walls of adjacent ports do not diverge as much 
from each other as wdth ro(»f or spherical heads and thus the area of the 
total air-s])ace between the |>orts is less. The included angle between the 
entrance and the exit of the ])orts is nearly always smaller with flat heads 
than with roof or spherical types. With the latter it is nearly always 
possible to maintain the included angle at more than 90 degrees, which 
is of considerable impi>rtatice, at least for the exhanst-pnrts, as there is 
thus less gas friction and lhercfi)rc less heat given io the p<»ri walls. With 
an exhaust-port inclutled angle of less than ^ degrees it is easier tu avoid 
choking the port while maintaining good valve-stem cooling by a heavy 
valve-guide Ih>ss and, further, the p*»rt walls diverge more sharply from the 
combustion-chaml)cr wall. Even if the included angle of the port be 
degrees, a greater divergence l)etween the port walls and the cylinder 
crown is obtained with tlie spherical or roof type heads, which is of im¬ 
portance for cooling, as the air is thus more uniformly in contact with the 
metal surrounding the valve-seat. For efficient cooling it is desirable that 
the fins be, as nearly as possible, normal to the surfaces to be cooled. 

The side-valve cylinder so suitable for motorcycle engines has marked 
disadvantages in comparison with the overhead type for aircraft use. 
Combustion-chamber areas are relatively greater, equally efficient finning 
cannot be obtained, the temperature distribution is perforce much more 
uneven and distortion is much more likely to occur. Distortion is exceed- 
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ingly difficult to avoid in side*valve cylinders. The inlet and exhaust ports 
asualJy distort the barrel, with the result that piston contact is poor and 
the ring fit uneven. The valvc*seats rarely remain true when hot, with the 
result that grinding*in the valves with the cylinder hot is resorted to at 
times. 

The sidc-valvc design of either the L nr T form of necessity departs 
ffotn the symmetry so desirable and in fact absolutely necessary for an 
Air<oolecl cylinder. For equal class of design and development, the mean 
effective pressure of a si<le*valvc cylinder is usually twenty per cent less 
ihan that obtainable from an uverUead*valve type, with continuous full* 
ihroltlc operation. 

How Auto and Aviation Practice Differ,—L-hcad engines, which at 
present are most conunonly use<i cm automobile engines present the advan¬ 
tage of rcijuiring the mininnnn number of o|Kmtuig parts. A single 
vainsbaft is used to cqwratc Imdi the inlot and exhaust valves and. a.s far 
as the c'atnshaft is concerned, a single pair of gears or sjirockets connecting 
It with the crankshaft stifliecs. This same advantage is sccnretl hy an 
overhead valve engine hut hjngcr push rod.s and rcKkcr arms are called 
for unless the camshaft is also pl.accd overhead. The L-hcad engine is also 
superior to the T-hcad in the matter of combustum-chainber exposed to 
the water-jacketed wall. This fact is jKrrfccily obviou.H and we have been 
aide to obtain tlicrmal cfTiciencies with small L-head engines which are 
fully as g4»od as those ohlarncd with any other valve locations in passenger- 
cur engines though the requirements of aviation engines call for the I*hcad 
arrangement. The vohunelnc efficiency pi»ssibililie.H of an L-hcad arc 
.slightly Inferior to those of a T-hcad engine but, in practice, this difference 
IS more than offset as a rule by the advantage gained in thermal efliciency. 
iucidentally the L-head engine, due to the minimum of moving parts, is 
cajiablc of being made more silent in oi)eraliun than any of the other types 
of ]» 0 (>pet-valve engine, and silent operation is one of the tm>si highly- 
prixed <[nabTications in the automobile engine, though not so important in 
aviation engines where maximum efficiency is desired and lowest possible 
weight-horsepower ratio rather than great quietness is soiight. 

The overwhelming advantage of an l-head engine is that it presents a 
uiininuim amount nf cooled coinbuslion<hamber wall and therefore comes 
nearer to forming the itlcal combustion-chamlwr, which should be hemi- 
s]>hcnca] since the largest capacity for the least area of wall is contained 
m a sphere as was fully outlined in our consuleration n£ thermodynamics. 
We thus find that very high thermal clficiencics can be obtained with l-hcad 
engines and, owing to the ideal comhustion-chamber. very high compres¬ 
sions can be carried even in largc-Iiorc cylinders without preignilion and 
detonation, provided pro|>er material and thickness of wall are used. Hence 
bhead engines arc universally used b»r aircraft work. The problem of 
operating the valves quietly has never Itccn salisfacUirily solved. The 
camshaft can be UK.*aled adjacent to the crankshaft and the valves operated 
by suitable jmsh rods and rocker arm.s as in the Cirrus engine or the radial 
cylinder alr-ciK)led types or it can be placed next to the valves, acting either 
directly against the stems as in the Fiat, HispanevSuiza, Curtiss and Pack¬ 
ard engines or by rocker arms as in the Lil^rty, Lorraine and others, as 
previously outlined. 
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Large Cylinders Air Cooled.—1'here is a very general tendency to as¬ 
sume that air cooling is suitalde only for small cylinders. Jt may be well 
to quote the perf<»rmancc of the R.A.E, lO'F cylintlcr, illustrated in Fij* 
292» to show the extent to which the air cooling of large cylinders has gom 
This cylinder is of eight inch Ixirc and ten inch stn»kc. or of 502.6 cuhu 
inches capacity, and has developed 129 brake linrse^Kiwer, or 119.5 pound> 
per square inch brake mean effective pressure at 1.700 r.p.in., with a fmi 
consumption of 0.51 pounds \kt brake hi»rscpnwcr-hour. The cylinder wa^ 
Intilt to determine the |M>ssildc limits of air etK>Iing and. nlthongh it has ai 
present little practical apjdicatiini. it has at least demonstrated that success¬ 
ful air cooling is nf>t limited lo 50 brake horse|)ower \)cr cylinder. It wdl 
be observed that this consinicli<m is one in which the aluminum alloy head 
is cast on the cylinder barrel am! that bmr valves are used in the spherical 
head. 



Fig. 29?.^PUn View and Sectional Elevation of the 19-T. Eight Inch Bore hf Ten 
Inch Stroke Aircraft Engine Cylinder, with Cast Aluminuni Head, Developed by the 

Britiah Royal Aircraft Eatablishment. 


Fragility is a disadvantage of air cooling as at present developed, the 
fins of a cast-iron automobile-engine cylinder of even the sturdiest design 
being relatively delicate in comparison with the cast-iron water-cooled 
block of an engine for similar use. There is little lo choose, however, 
between the fragility of aircraft types if the composite aluminum and steel 
air-cooled cylinder l>e compared with the built-up all-steel water-cooled 
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cylinder. In fact, the former, if anything, has the advantage, as detonation, 
preignition or vibration will often crack water-jackets but docs not result 
in fin damage. It is not t>o$sihle at present to produce atr-cooled engines 
having the delightfully clean outline of water-cooled engines because the 
nature of the cooling medium calls for numerous projecting fins whereas 
water fl<jw is restrained and confined pr<»pcrly by smooth wall jackets, the 
heat being taken from the water by radiators independent of the engine. 



Pig. 293.»View at A Shows an A1l>Steal Five and Dne-Half by Sia and One-Half 
Inch Air-Cooled Engine Cylinder Having Bolted on Valve Cages. At B a Sectional 
Elevation of a Steel Cylinder with Aluminum Cap Pitets, Carrying Valve Stem Guide 

and Rocker Arm Assembly is Shown* 


An air-cooled cylimler has its heat radiator directly attached and formed 
mlegrally, the heat flows tu it (piickly and is removed by the energetic 
air blast in the most direct manner |M>Rsiblc. 

Spherical and Roof Heads.—The di.scliarge of an inclined valve in a 
spherical or roof head appears to l>c much less disturlK'd and more likely 
to promote and maintain turbulence than that of a similar valve in a flat 
head. The flat head is more liable to deflect nmicr explosion pressure and, in 
practice, breathing of flat hea<ls is by no means unknown. The truly hemi¬ 
spherical head is the hlcal form as regards minimum stress due to explosion 
pressure. For two-valve designs the spherical head appears ti» be the most 
suitable. For four-valve heads the spherical head is undoiiblcdly the most 
idTicient, but, except for very .special cases, its use does not appear to be 
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justified, owing to the manifest difficulties of valve operation and also X* 
the fact that excellent results are obtainable from a suitably designed ron’ 
head. When, however, very large cylinders arc required, or niedinm-siy.- 
designs, cither of large lK>rt>strokc ratio nr to run at such high speeds ih.-i; 
sufficient valving in ronjiincti<m with g<H)d cooling cannot Iw obtained will 
a roof head, there is little question that the .spherical head is the niosi 
suitable design. An excellent example of four-valve spherical-head design 
is seen in the K.A.E. 19T cylinder. Fig. 202. 

Experience to date Indicates that for aircraft-engine cylinders of uj) in 
a Unit 170 cubic inchc.s capacity and with l>(»re-stn)ke ratios not excee<iliiy 
1.25 to 1, designed for normal speeds of up to 1.800 r.p.m.. the n)of heail 
will j>nKlucc the best all-aroitml results. The design of an efficient roof 
head cylinder is not easy as slight faults in detail arc liable to re.Milt ui 
])oc)r Cooling. 

Ii!vesiigati<»ii indic.atrs that for .lircraft-enginc cylinders the two-vnlvv 
tyju* is best for capacilies of u)) to 100 cubic inches per cylinder and lliai 
beyond this size the fonr-valvc t 3 'pc is su|KTior; although two-valve cylm 
<\vTfi of iJ)) to 160 cubic inches capacity have been built aiul given excellent 
results. The large t\v<»-valve ty|K. however, is n<it as a rule suitable for 
speeds in excess of 1.700 r.j>.m.. usually involving very high gas^velocities 
through tlie valves and not giving nearly sncli a high performance as ilu* 
best class of four-valve cylinders. lAjiericme has shown that unless a 
four-valve air-coolcd cylimler of up to 160 cubic inches c«apacily Ls ven 
carefully dcsignetl. the pcrforninnce will be inferior to that of a goc»d two* 
valve <lesigii of similar size. I.arge tlirec- and fc»nr-valve air-c<ioled cylinders 
of the flat-head tyjie have pnwed to lie much less efficient than the two- 
valve spherical-head t>'jie. though they have l>ecn widely u.sed in water¬ 
ed sded cylinders. 

Composite Cylinder Constructions.—Air-cooled cylinders have been made 
in a variety of forms. The head anti rybntUT ca.st in iron or semi-steel in 
one integral casting is tlie simjdest and rhcajiesi. The form In which the 
head and radiating fins arc cast in alloy and a steel sleeve shrunk in is 
seldom used. The use of an aluminum alloy head ca.st in place on a steel 
or cast-irtin barrel ha.s been discontinued in favtir td the screwed on cast 
alloy head, having its own fins and a cylinder barrel of steel with cooling 
fins machined thereon threaded into the head. 

Alloy Head Cast on Steel BarreL—Some of the pros and cons of the 
various tyj>es of overhead-valve ct»nij)Osite aluminum and steel aircraft- 
engine cylinder construction arc considered below as summarized by Mr 
S. D. Hcrtm. The hca<l cast on an intcgral-fin steel Ixirrcl such as showi^ 
at Fig. 292 possesses the advantages that 

(J) No machine-shop operations arc required to fit the head to the barrel 
(2) It produces probably the lightest possible design 
The disadvantages of this type are: 

(1) Very high casting stresses are set up in the head, which are lialde 
to cause failure in service and cannot safely be removed by an 
ncaling, as this would largely remove the shrink of the head on 
the barrel 
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(2) The alloy in the head castinf^ is in a state oi instability owing to 
the lack of annealing 

(3) It is next to impossible to inspect the condition of the contact of 
the head with the Iwrrel 

(4) Foundry difficulties arc numerous; although in times of peace they 
can he overcome, the great care and »uj>ervision required are un¬ 
suitable for the stress of war time. The finished casting represents 
but a very small percentage of the weight of the metal melted to 
produce it 

(5) Barrel production has to start before that the heads and the 
c<jmpletc cylinders 

(6) Removal of an unsound head casting freun a barrel may scrap the 
latter 

(7) Damaged heads or barrels cannot Ik.* remt»ved from one antuher in 
the fiehl and new purls filled tti the sound portion 

(8) 'Phe finned steel Kirrel is sotncwhal expensive to produce and 
wastes a lot i»f material 

(9) Fitting of expanded or shrunken valve-scats is a ]>oor production 
job with tilte<l valves 

(10) If a r<M>f-typc head be ndoptcsl. macliining is difficult 

Bolted-On Separable Head&^'Phe ndvaulages <»f the boltcd-on head are; 

(1) ICasc id priKluction au<l assembly 

(2) Ease of replacement of damaged parts 

'Phis lyjK* of head |>ossesscs the disadvantages <»f 

(1) Difficulty of maintaining pressure tightness at the joint hetvvecn 
the head and the barrel; if any fiatne gets through, the head is 
bun)c<I out 

(2) Axial heut-flow from the head to the barrel is jiractically non- 
existent. The coeding efficiency is reduced and as a result heat) 
tcin]>cratiircs and fuel-consumptions arc increased 

Cast Cylinder of Alloy with Liner.—The tyjic of cylinder construction 
in which the head and the jacket are an integral casting with a shrunk-in 
liner as shown at Fig. 29() A ]H>sse5ses the advantages that 

(1) The liiKT can Iw priKlucol fnmi a thin tiilic and is cheap to machine 

(2) The jacket and the head is r. gcKid proclucliuii job in foundry 

The following objections arc raised to this design of cylinder 

(I) The whole cN])1<»sion h»a<l is taken through the jacket, the load 
being transmitted to four or im»re bolls. This arrangement requires 
a heavy jacket and even then is not satisfactory, for aluminum at 
the temperatures obtained has not proved siiilahlc for the resulting 
heavy Iocali;?cd stress at the Ixilt-lxj.sscs. The cast-on or screwed-on 
head types transmit the explosion load from the head to the barrel 
and thence to the holding-<lown Ixdts, with practically uniform 
stress in the circumference of the head inclal 

( 1 ) Unless a heavy liner is used, it is difficult to prevent distortion and 
lack of contact between the liner and the jackeU It is very difficult 
to prevent oil from leaking between the liner and the jacket, which 
causes a lack of contact owing to carbonisation. Oil leakage, with 
the resultant carbonization, is much less serious with a screwed-on 
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head than with a shrunk liner» as the fitting surface on a shrunk 
liner cart be covered completely with carbon, whereas the screwed 
on head carbonizes only on the unloaded faces of the threads 
(3) To eliminate oil leakage as far as possible the joint of the liner 
with the jacket should be made at the liner top. Owing to the 



Fig. 294.~Typc J Air«Cooled Engine Cylinder which will Stand a 100-Hour Pull 
.Throttle Test at 1300 R.P.M. without Meaaurabte Wear. Note Salt-Cooled SxhauK 

Valve Stem, and the Uae of Volute Valve Sprlogi. 
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difference in coefficients of expansion of the materials of the liner 
and the jacket, much ingenuity is require<l to determine the correct 
position in which to attach the holding-down lM>s.ses to the jacket 
so that the bolts may be tinder constant tension. Trouble occurs 
owing to the jacket deflecting at the holding-down bosses and 
locally distorting the liner 

(4) The increase of weight with this construction is greater than that 
of the castKin head and jacket type, owing to all explosion load 
being transmitted throughout the length of the jacket 

Steel Barrel with Alloy Cap^The advantages of the steel barrel with 
an aluminum cup as shown at Pig. 2^).l M arc: 

(1) The cap is easily fitted 

(2) IVessure tightness is not dependent on fit of cap 

0|>p<»se(l to the foregoing advantages are: 

(1) The closed-end barrel is more expensive to machine than the open- 
end type used with a eastern or screwetl-oti head design 

(2) The state of contact oi the heatl is imkn(»vvn after a little service, 
and this c<mtact is difficult or iin]>ossilile to inainlain. Flame- 
liKjwing between the cap and the t<»p of the Ixirrel has been known 
to occur 

(^) Can only be used for flat heads 

(4) Gives a poor performance in comparison with cast-on or screwed-on 
spherical nr rt>of heads 

(5) The valves are seated in the steel head and are gnided in the 
aluminum cap. The difTercncc in the coefficients of expansion of 
the two parts is liable to cause misalignment of the valves on their 
seats. c<mtributing to valve burning, warpuge and leakage generally 
characteristic of this ccnistniclloii 

(6) Owing to the relative expansuni of the cap and the barrel due to 
the difference in the coefficients of expansion of the niaicrials, either 
sliding must occur between the two ciuituct faces or heavy stresses 
be set up in the cap an<l the Indts attaching it tu the barrel 

Sometimes, all steel cylinders arc used having b(»lted-on members to 
.support the valvc-stcin guides and to pnividc outlet and inlet port passages 
for the gas. Such a construction is shown at Fig. 2^^.^ A and most of the 
disadvantages mentioned for tlie .steel cylinder and aluiniiuim cap con¬ 
struction shown at Fig. 2^3 R and previously enumerated in detail apply to 
this construction as w’cll as it is the same generic tyi>c as the other. 

Material for Air-Cooled Cylinders.—Considering the material of the 
cylinder from the point of view of cooling alone, we require: 

(1) A material having a high rate of heat tran.sfcr from its surface to 
air. 

(2) A material having rapid internal conductivity, .so that the heat will 
flow readily fn>m the hotter to the co<dcr parts nf the cylinder, thus 
avoiding local overheating. 

No definite data on the rate of heat transfer to air ts available, but from 
experience it appears that copper, aluminum, stool and cast iron possess 
this property to a high degree, as shown by the research of Mr. Dicksee. 
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Of the metals having high heat conductivity, aluminum alloy stand> 
pre-eminent on account of its added advantage of light weight, althougli 
copper and its alloys have been prointsed and used. Coj>per transmits heat 
best, then comes aluminitni alloy, then cast inm and steel. The question 
of cylinder materials, however, is largely governed by considerations other 
than those of cooling, the important one being the resistance to wearitij* 
due to piston rccii)rocalic)n. 

Cast iron will fulfill all of the functions in a fairly satisfactory manner, 
but its weight is generally prohihliive for military engines. For emn 
mercial engines cast-in»n cylinders may often be used to advantage. Cast 
aluminum alloy is satisfactory as a containing nicml>cr and can be cast iu 
intricate shapes. It will also stand a fair degree of stressing, and is a fairh 
good bearing material. However, where high localiacd stresses are on 
countered, cast aluminum alloys arc liable to failure by fatigue, and con 
sequcnlly have been found iinsalisfaclory for the holdnlown flange, wher* 
the cylinder is bolted to the crankcase, unless very heavy sections are used. 

In order to overcome these difticulties. a cnmbinatitm of materials lui'* 
usually been resorted to. Steel makes an excellent Ivaring surface for tin* 
piston. It is now almost universal practice, where the cylinders aie not 
entirely of cast iron to make the b.irrel of steel with an aluminum head. 

FACTORS OF SAFETY, AIR-COOLED CYUNOEH PARTS 


Part Material Direct Stress 


Recoin mended 
l*acicir of SaMy 
Other Considerations on Dllhmip 

Sirentrth al Room 
Tcniperalun* 


Cylinder Barrel! 

Ill thinnest 
section 


Stce) I'enstoii due to pre$- Rapidly varying load 
sure un cylioder Vihratiun 
head Fairly liigh tempera¬ 

ture 


Hold down Steel 
studs (Root 

diameter) 


iTensIckii due to pres- Rapidly varying load 
sure on ryliutlcr Severe handling 
hea4l Presses 


Sides of com- Aluminum Tension due to pres- Rapidly varying load 
bust ion chain- Alloy | sure on cylinder lbt;b imiiivraturc 
l>er at thin- bead 

nest section 




Investigation has shown that a steel surface gives five to ten per ccni 
greater heat-dissipation than either aluminum or copper. The dissipation 
of aluminum, however, is improved about ten per cent by coating with a 
glossy black enamel, the percentage of improvement varying with the 
nature of the enamel and the blast velocity. The effect of surface dissipa¬ 
tion is of considerable importance and further investigation of the subjecl 
is to be made by the Bureau of Standards and the engineering division of 
ihe Army Air Corps. 
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AUo)^ for Cylinder Heads.—The principal alloy that has been used by 
the British for air-cooled cylinder construction is the Air Ministry 2-L-ll 
alloy, containing seven per cent of copper, one per cent of tin and 92 per 
cent of aluminum. This was developed after failure had attended efforts 
in use the aluminum-zinc group, employed so largely on the Continent for 
rrankcases and similar parts. This alloy is both weak and soft when hot, 
but its bad qualities are. nevertheless, fairly well understood as a result 
of nmsideralde experience. It sand<asts relatively well; the tin-content, 
which reduces the strength and hardness, also seems to reduce shrinkage 
and pin-holing. 

An alloy, known as the Y-alloy, developed by Dr. Waller kosenhain 

at the National Physical Lahtiratory, contains hnir per cent copper, two 

per cent of nickel, per cent uf nuagiicsinm and jjcr cent aluminum. 

rids maintains iu strength and hardness at high temperature much better 

than the 2-L-U alloy and has been use<l to a liniiled extent for cylinder 

castings. It api‘ears to have great iMissibilitles f<»r air-cooled cylinder 

consirnction, principally on account of its hot strength and hardness, but 

much will depend on its ease of cast mg. For air-c<Hdcd seaplane engines 

il is possible that this alloy may prove distinctly advantageous, owing to 

its remarkahle resistance to corr(»sion bv sea water. 

# 

The silieon-c<»pj>cr-almiiinum alloys appear to be one of the most prom¬ 
ising groups yet tried for cvlindcr consinicli<in and at present the only 
unknown factor concerning the group is its conductivity. It seems that 
til is group, which at i>rc>cnt is under development by the engineering 
division and others, will mark a <lislinct forward step in alloys for air¬ 
cooled cylinders. Us freedom from cracking*, porosity ami shrinkage 
ap]>car to go far towarfi eliminating the troubles <»f the commercial pro¬ 
duction of alnminuin aif-riN»led cylinder castings. An important advantage 
of this alloy is that chill.s, which in jircKlnction with jolt-ram moulding 
machines by unskilled lalnir arc exceedingly objectionable, can be entirely 
eliminated. 

Some particulars of tlic casting of silicon alloys for air-C4>oled cylinders 
have already been published, and il is that the results of the further 

investigations <it the materials .•section of the engineering division will l)e 
imldishcd in the near fulnre. The 5ilicon-<*oppcr alloy, cemtaiuing in addi¬ 
tion to 9.^ ])cr cent aUiininnm, four per cent td silicon and three ]ier cent of 
copper, possesses considerable ductility, which is of some practical impor¬ 
tance as bent hns and the like made of it can be straightened without danger. 
Most of the silicon-alloy cylinders imnluccd by the engineering division 
have l>een cast in this alloy and have pnwed somewhat difhcult to machine, 
t hreading has given most trouble in this res))ect, owing to the tcarii^g of the 
metal and the wear of the it Mils. The machining properties are, however, 
likely to be much imprtivetl by the investigsilions now 1>cing conducted. The 
silicon-ctippcr alltiy presents an excellent example of the danger of judging 
alloys for cylinder con.slruction by tc.st-bar results alone. From the test- 
liar results little consideration of the silicon-copper alli>ys and less of the 
2-L-ll alloy would be justified, though Iwth have proved excellent. Test- 
bar results entirely fail to show casting properties, an aspect of marked 
importance for air-cooled cylinder production. 
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Alloys containing^ copper and manganese which have a constant or an 
increasing strength up to SCO degrees Fahrenheit, have been tried {or air¬ 
cooled cylinder castings. Owing principally to casting difficulties they hav< 
been dropped in favor of more promising groups. The conductivity tn 
alloys containing manganese is fully devel<»i>ed only after annealing. In 
some cases the increase of conductivity due to annealing amounts to as 
much as 40 per cent. Most alloys show a somewhat improved conductivity 
after annealing. Afmrt from this elTrct, annealing is very necessary to 
remove growth and casting strains. If cy1tnder«hcads arc not annealed, 
growth and distortion develop rapidly in the course of engine operation 
With an unanncalcd screwed-on head the effin't of growth is most serious; 
such a head will l>ecomc loose the cylimicr barrel in ten to twenty 
hours running. Cirowth due to lack of annealing further results in valve- 
seat inserts, valve gui<lcs and ry1in<ler studs becoming loose in the casting 
The physical i^ropiTtlcs of s<Hne aluininutn alU»ys used for cylinder 
castings are shown in Table below. 


PHYSICAI. rRDPKKTlKS OF AT.UMINUM AU.OVS EMPLOYED FOR 

SAND-CAST CYLINDERS 


Alloy 

2-L.IF 

Y« 

Copper 

Silicon^ 


Cii 77i 

Cu 4% 

Si 4% 

Composition 

Su \% 

Ni 2% 

Mg VA% 

Cu .1% 

Tensilc-Strcngih. lli. per in- 

60 Deg. Fahr 

NMl 

24.400 

21,400 

;t00 Deg. 

I2..100 

23A00 

19,400 

600 Deff. Fahr. 

R..t00 

2.^.00U 

11.000 

Brinell Harilnciis Ntimltcr 

60 Deg. Falir. 

S5 

71 

50 

300 Deg. Fahr. 

$4 

fA 


600 Deg. Falir. 

25 

46 



^ See reT>ort on i1ir MaicrjaU of ConMnicikiii Used in Airrrah and Aircraft Engines 
by Lieut .-Col. C. F Jcnkin, iHihlifihcd by His Majt^ly's Siatioitery Ofticc, Umdon. 

* See the lltU Rc|)ori of ilic Alloys Kocarcli Ccviimiiiec of the Institution of Mecham- 
cel Engineers. 

Fnicn tests made by llic nvtterUb section of tire engineering division of the Air 
Service. 


For cast-aluminum cylinders a fin having a length of from 1 to l{i 
inches, a thickness at the mot of ^ inch, a thickness at the tip of Vio inch 
and a inch pitch, is fairly readily cast and is reasonably strong for 
handling. Fins of a somewhat decreased thickness and pitch can be cast, 
but are likely to lead to foundry difficulties and are easily damaged. 

Cast Iron for Cylmders.-^Cast iron at present is somewhat despised as 
a cylinder material. Nevertheless, efficient results are obtainable with this 
material. For commercial purposes where extreme lightness is not required 
excepting military aircraft engines, the use of any other material than cast 
iron for cylinder construction is not justified by the increased efficiency 
obtained. The use of any more expensive material than cast iron also 
involves more complicated and expensive construction. In the light of 
present experience that statement appears to hold good up to an output 
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of fifteen to twenty horsepower per cylinder at about 2,500 r.p.tn. 

A comparison of the weight of the cylinder-body proper, excluding the 
valves and the valve-gear, obtainable with heavy cast-iron construction 
and by the use of advanced aircraft-engine design, with the weight reduced 
to a minimum, may be of interest. An automobile engine cast-iron cylinder 
of massive proportions, with little liability to breakage that will give 
excellent cooling, will weigh two pounds per horsciK»\vcr for a high-speed 
engine and prol>ably three jKninds per horsqKiwer for a medium-speed 
engine using domestic fuel. This figure is greatly reduced by proper de¬ 
sign, the writer having built air-C(Kilcd cylinders of semi-steel for automo¬ 
bile engine use that weighed 1.5 (Muinds jier horsepower. The most effi¬ 
cient aircraft practice docs not result in cyliiuliT-lKMly weights of much 
less than 0.4 ikuhkIs per horse]lower when operating at a lower speed, but 
using compression-ratios that arc lin|Misstble b*r car practice and fuels 
that are not at present available for commercial work, Scmi-stecl is prac¬ 
tically never used for cylinder castings in Great llritain though it has been 
used in this country and in France. A Ivpira 
cooled aircraft-cyiin<lcr iron is as follows! 


Combined Carbon, per cent 
Total Carbon, per cent.... 

Silicon, per cent. 

Sulphur, per cent. 

Phosphorus, per cciii. 

Mangane^. per cent. 


nnaivsis 

# 

of Hritish air- 

Minimum 

Maximiim 


0.80 

270 

3.S0 

120 

2.00 

« 1 • 

0.12 

» • • 

0.80 

050 

120 


An interesting sidelight on cast ir<m as a cylinder material is seen in 
the following analysis which taken from a Hritish report on the materials 
of construction used in aircraft and aircraft engines. The twenty per cent 
increase in the conductivity after annealing jiossildy explains why cast-iron 
cylinders of very light .section rarely perform as well when new as after 
considerable service. 


ANAI.YSIS OF A CYLINDER IRON 


Graphitic Carbon, per cent. 

Combined Carbotj, per cent. 

Silicon, per cent. 

Sulphur, per cent. 

Phaiphorus, per cent. 

Mtngane.*^. per mtt. 

Conductivity at 212 deg. Fahr.. in C. G. S. ... 


As Ca»t 

Annealed 

2.(40 

.L340 

0K50 

0.150 

1i40 

1.040 

0.078 

1.090 

1 000 

1.090 

O.R20 

0^ 

0102 

0.121 


Improved Method of Melting Iron.—A new tmtccss for melting iron 
whereby it is freed of gaseou.s occlusions and consc(|ucnt ]>orosity. and is 
also deoxidized, is descrilwd in Dcr Motonivgcn by Dr .-Eng. Gg. Hergmann. 
It was observed long ago that when iron is transj)orted over considerable 
distances while in the molten stale, it has a dcn.ser structure after solidi¬ 
fication. On the basis of this observation the suggestion was made by 
Dr. Dechesne that the iron should l>c shaken or jolted while molten. Ex- 
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periments made to this end showed that even the smallest bubbles— 
which arc subject to the high specific pressure of the liquid iron—arc 
detached by the jolting and escajK. It appears that certain other recently 
developed processes for freeing iron of gaseous inchisions or spongy spots 
call for greatly overheating the melt, to as high a temperature as 2.700* 
2.900 degrees J''ahrciiheit. and they also recpiire jireheating of the moulds. 
The overheating naturally involves a large increase in the fuel consump¬ 
tion and the preheating of the moulds is said to he difficult and uncertain 
In the new Deche.snc pn»ccss the irealment i»f the iron is entirely mechani¬ 
cal. and the physical cfTcct is suhstantially the same as when a bottle of 
carbonated water is twirled and shaken. 


In the c<»urse of expenments suhstantial amounts of steel were added to 
the melt, and it was ffunid that Ihc resulting iron (semi-steel) did n(»i 
'‘amcar** or show any bard s|>ols, in which respects it contraste<l favornhlv 
with other sctni-stcels. Also the muclwlreaded tendency of the iron in 
turn white was entirely ahsent. *'AirH*rK»led** cylinders, which when pro 
duced liy other methnds always showed hard s|Hit5 and a white grain 
structure in the flanges, were satisfactory tii every way and remained grav 
to the very ciuls of the flanges, 'fhe folUnvIng table gives the chemical 
eomjHisitions anti mechanical prof>ertics of **agitaled‘* iron with different 
additions t>f steel. The transverse strengths were <»btaine<l from unfinished 
rods ^^10 inch in diameter and with 23.6 inche.s between sup)>orts. 


VKOPKUTIKS OF SKMbSTFEl.S 


Mark 

C 

ANALYSIS 

Si Mn 

P 

S 

T.S. 

Tr.S. 

El. 

nri. 

li. 

Pour’it 
Temp 

I)tR 

F. 

R. 0 

3.72 

2.22 

0.46 

0.37 

017 

291 (N» 

59.500 

ll.S 

222 

2410 

R.10 

320 

227 

0.5O 

0.38 

0.08 

3f*850 

72200 

125 

216 

2.390 

H.I5 

3.40 

2.34 

0.45 

033 

0.09 

390110 

745iKI 

125 

22K 

2370 

R.20 

3..W 

2.15 

0.42 

037 

0.13 

425(X> 

WMNKl 

12.5 

217 

2430 

R.20 

^.(^2 

1.74 

0.71 

0.30 

ttl7 

AsWi 

77.500 

142 

240 

2.370 

R-30 

3.4H 

215 

0.45 

0.20 

0.1.1 

45400 

7KH<Xl 

14 0 

215 

2480 

R.30 

3.48 

1-57 

0.(i8 

0.41 

0.14 

4800U 

RpiOO 

11 9 

224 

244.3 

k.50 

302 

183 

0.40 

0..34 

0.14 

47.SOO 

K7.30II 

12-5 

215 

2445 

R70 

2.82 

2.94 

0.66 

0.15 

0.14 

46100 

92200 

18.0 

18<) 

24(>0 


Nichrome Improves Cylinder Iron.—For wmic time automotive engi¬ 
neers have been seeking some way <»f priKlucing stronger castings for use 
in engine cylinders. Because of the irregularity of the castings, the mo 
merous cores required and the necessity for absolutely stmnd castings, gray 
iron with a high silicon content has l>cen the l>cst available. Many attempt'^ 
have been made to alloy this metal in such a way that the strength and 
hardness would lie increased, but considerable difficulty has been experi¬ 
enced in obtaining uniform results. Nickel has been added successfully 
either in the cu|K>la or in the ladle of molten metal and has made an itu* 
provement in the castings. Silicon, however, which is present in relatively 
large quantities in most automotive casting.^, co-operates with the nickel 
in forming large flakes of graphite which produces an extremely soft prod- 
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uct. To offset the effect of these elements chromium has been added to the 
mixture. The addition (jf chromium does break down the ^franular struc¬ 
ture and improve the casting tu a consitlerable degree. Imt it was found 
almost impossible lo jjet any uniformity of results in casllnjrs made. When 
chromium is ad<led in the cuiMila. tinder the splendid oxidizini; ermditions 
]>resent, a c<msidcrabte portion of the metal oxidizes so that it is always 
uncertain just what the chnuulum content of the jHHired mix will he. When 
metallic chromium is added lo the ladle it is immediately oxUlized at the 
surface of the melt, thus makintf it im)Mjssiblu. or at least extremely difli- 
cult, for the molten iron to attack it. The addition of other alloying 
substances was tried, Inti none seemed ti» offer the same p<issil)iHties as 
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nickel and chromtuin, so further attempts were made to discover some 
method by which they could be added (>• the iron in such u way that the 
content of the alloys in the castings could be f<»retnld with accurucy. 

'j'his search leti t<» the trial of Nicliroiue. Niclimme has the following 
approximate analysis: 

Nickel 60 per cent 
( hroinium li ikt cent 
Iron 24 jK»r cent 

.vilh small quantities of carUm. manf^iiesc and other elements. Varying 
([uanlitics of this alloy were addcil in the ladle with very' satisfactory 
results. The practice was add metallic nichrome io a hot empty ladle 
and then fill it with imdleti inm fn»tn the cutxda s^wjut. It was found 
that the Nichnnne melted ahmist instantly and all its ingretlieuls entered 
the solution and that tlie .stirring effect of the jxmrlng pn»cess effectually 
mixed the mass so that the alloy was evenly cli.stnbnted throughout the 
ladle. 

Two per cent of Nichniine by weight adde<l to the iron produced cast¬ 
ings which were considerably harder than ordinary gray iron, were more 
even in texture, had increased tensile and transverse strength, were much 
more resistant to abrasum. Imt could be machined wilh the same feeds and 
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speeds as were used for ordinary castings. The extent to which the addi¬ 
tion of Nichrome influences the hardness of castings is shown in the 
following table, which gives Hrinnell index figures fur castings without 
Nichrome and with varying proportions of that substance: 


Amount of Nichrome added Brinncll hardness 

None .207-217 

1 per cent .212-228 

2 per cem . m 

3 per cem .241-255 


A typical analysis of an iron cylinder casling to which Niohnjme ha^ 
been added is given: 


CariHiii ... 
M meanest 
Silicon . .. 
Chroiniimi 
Nickel .... 
C<H>pcr ... 


3.14 per cent 
055 i>tr ceni 
2.07 tier cent 
0.42 i»er cent 
1.57 per i-cnt 
0.10 per cent 


QUESTIONS FOR REVIEW 

1. Outline requirement R of successful aif-ct*n!i't! cylinder design. 

2. What determines the temtieraturc of an air*riH>lvd cylinder^ 

3. How does the temperature vary at diflerenl of the cylinder? 

4. What is the cfleci id mixture strength on cuding <»f cyliiulcrs? 

5. What is the Ik'SI air-cwled cylmder hinii’ 

C. How are co<iliiig hn dhnensioiis determined? 

7. Why is circumrcrcntial finning l>e>t? 

8. Name types of air-coolctl cylinder heads. 

9. What material is used for heads uf composite cylinders and now arc they fas¬ 
tened? 

10. Compare composhc and integral cylitider construct ion. 

11. What material is used for atr-c<H>Wd cvlinders ’' 

12. What is the effect of nichrome on cylinder iron? 













CHAPTER XXI 


AIR-COOLED ENGINE VALVES—VALVE TIMING—CYLINDER 

FINISHING 

ExhAutt Vftlve Cooling in Air-Cooled CyliAdert—Con^derition of Interiul V«lve 
Cooliitg—Cooling by Way of Valve Seat—Cooling by Way of Valve Stem—In¬ 
ternally Water-Cooled Valve Stem—Puaible Salu Ua^ in Valve Stem—Compoai- 
tion of Salt Pilling—Valve Steel^^Tulip Form of Valve Head—Roof Head 
Cylinder—Deaign of Valve Stem Guidea—Valve Scat Inaerta—Valve Timing- 
Advanced Exhauat Valve Opening EeaentUl—Blowing Back—Why Lead ia Given 
Exhauat Valve—Exhauat Cloaing, Inlet Opening—Cloeing Inlet Valve—Time of 
Ignition—No Set Rulea for Valve Timing—How an Engine U Timed—Timing 
Gnome Rotary Bnginea—Piniahing Cylinder Borea—Beat Speed of Rotation for 
Grinder Head—Advantages of Honing and Lapping Cylinder Borea. 

Exhaust-Valve Cooling in Air-Cooled Cylinders.—lu general, exhaust- 
valve C(K)ling has two distinct ]>hascs. osding thnmgli tltc scat and cooling 
V ia the stem and the guide. If cillicr l>c at fault, inspection when running 
on o]>cn exhaust will tlctcrmine which is the nfTcndcr. l*\»r efficient seat- 
entding as cfTectcd by valve design, most aviation engine designers prefer 
a tulip valve with a thick rini, jHissessing greater cireuinfcrcnlial conduc¬ 
tivity than the flal-hea<l v.alvc, and the use of a wide valve-scat. The 
width of the valvo-se.at und<nil>lcdlY has a marked effect upon the heat- 
Hnw from the valve to the cylliulcrdiead, as the intensity of the hcat-Row 
will dcpeml on the area of the valve in contact with the cylinder. The 
heat-flow from the valve to the cylinder will lie affected to ^omc extent by 
the toad of the valve-spring; front this .stan<lpoint the greater the load the 
fictter. The Type J cylinder shown at Fig. 2*14 exhihii.s very good scat 
cooling, and nscs a wide valve-scat, the lH>re of the exhaust jwirt being 2% 
inches and the top dianu'ler of the .scat inches. Valve-seat cooling in 
this cylinder according to Mr. Heron is as g<»<Kl as obtains in any water- 
cooled cylinder using a similar valve size and under all running conditions 
a dead black rim Yz inch wide is shown on the valve. 

Efficient stcm-c<Hding is assisted by extending the valve-guide and 
guide-boss down as closely to the head of the v.ilvc as possible, and 
shrouding the guide with a heavy lv»ss that is able to conduct away the 
heat abstracted from both the valvc-slcin an<l the exhaust gas. The cool¬ 
ing via the valve-stem is partly controlled by the sectional area of the 
stem and the area of the stem in contact with the guide. 

The Type J cylinder is i>f efficient design as regards conducting the 
heat away from the exhaust-valve guide. This cylinder initially had a 
Vie-inch diameter exhaust valve-stem and this was found to have insufficient 
area to carry away the heal fnmi the head of the valve and insufficient 
surface to dissipate the heat from the stem to the guide efficiently. As a 
result the stem overheated; further, the high-temperaturc zone extended 
too far up the stem. An increase in tlie stem diameter has improved the 
cooling to some extent. Partially as a result of the stem overheating, 
trouble was experienced with breakage. Claims that the exhaust-valve 

ess 
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cooling of air-cooled cnjfuics is equally as goofi as that of water-cooled 
engines may appear to Iw an exaggeration. Nevertheless such claims are 
not merely the personal opinion of Mr. Heron but can l>e confirmed readily 
by the Engineering Division of the Air Corps. 

With good valve-cooling it is tK>ssib1e t<i maintain a black rim on the 
valve-head under all conditions. With 1)/5-inch diameter valves the maxi¬ 
mum temperature of any part of the valve should not exceed 1,200 degreo 
Fahrenheit, and with valves up to 2yi inches in diameter it is possible tu 
avoid temperatures in excess of l..^50 degrees Fahrenheit, altfumgh this 
is at times accomplished at the exi»cnsc of fuel economy. In general, for 
air-coole<i engines Mr. Heron prefers to av<dd the use of exhaust valves 
in excess of two-inch diameter. Internal valve-stem ccHding by water or 
mercury ha.s been used with varying degrees of success. However, in tin* 
opinion of some autboritien, equally cflicient results generally can be ob¬ 
tained with less expense and coinplicatim] by greater care in the cooling 
design of the cyltiuler bc»dy. The amount of nil reaching the combustion- 
chamber has a consirlerabte influence im the valve tenqKTaturc, and an 
increase in the oil snpidy is often sufficient to reduce the exhaust-vulvc 
temperature to the ]xiint at which reliability is obtained. 

There are several prcd>nble reasons given by Mr. Heron why an air¬ 
cooled cylinder should have us g<Kjd exhanst-valvc tooling a.s a water- 
cooled cylinder. These are fa) the metal sections of the head and the 
valve ports have siilVirient heat-f1<»w capacity to carry heat to the cooler 
jjortions of the head; (/>) the intensity <d ihu heal-fltnv t<» the cooling 
medium is lower on account of the area of the attached fins; {e) with'gofnl 
design, the cooling niedimu surrounding the exhanst-jxirts and the adja¬ 
cent portions of the head is in a vitilciit state of turl)ulcnce, and semS- 
stagnation of the ctHitrug medium, which may occur in a water-cooled 
engine, cannot well occur in an efficient air-c«>olcd cylinder; frf) no equiva¬ 
lent of a stcam-pcrfkel can exist and local overheating does not result m 
practically com]detc failure <if cooling at that p<»int, such as occurs when 
a steam-pocket develops in a water-ct>olc<l cylinder; (r) no equivalent of 
lime-salt deposits and resultant heat-insulation can occur; and (/} a parallel 
to an insulating film <»f steam docs not exist. If a valve in an air-cooled 
cylinder runs ciKiler than a valve of equal size in a similar water-cooled 
cylinder, it is not unreasonable to assume that the exhaust ]>ort and the 
seat are cooler in the former. From observation it has been found that 
it is not possible to maintain a wetted surface with semi-stagnant water 
on metal at anything like the temperatures, 500 degrees Fahrenheit, de¬ 
veloped anmnd the exhaust-scat of an air-ctKiled cylimicr. Water will 
remain almost quiescent and in apparently close contact with metal at 
500 degrees Fahrenheit for a considerable time with little evident evapora¬ 
tion or transfer oi heat from the metal io the fluid; a 50 per cent reduction 
in the temperature of the metal, however, will produce violent evaporation 
Enclosing the valve-stcnis and the guides and lubricating them with oil 
improves cxhaust-valvc c<M>ling. This alone is sufficient ground for a 
positively lubricated valve-gear, a]iart from other obvious advantages. 

In its original form, the type-j cylinder developed 48 brake horse¬ 
power at 1,650 r.p.m. Continual trouble with exhaust valves and guides 
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was experienced. The exhaust va]v<sstem at the junction of the stem and 
the neck was bright red, alxmt degrees Fahrenheit, and invariably 
fractured there after a relatively short pericxl of running, tungsten^stcel 
valves lasting about 25 luntrs and stainless-steel valves al)out six hours. 
Cast-iron exhaust-valve gtiidcs wore nut in less than ten hours. A file- 
hard tungsten-steel valve <if the type shown in Fig. 205 A having a 
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inch stem, but with a shallower hole and no filling, was then tried and 
eliminated breakage; at least, in a 50-hour fulUthrottle test It seated, 
however, on the stem and the neck as the result of a temperature of 
approximately 1.250 degrees Fahrenheit. In this test, a hard No. 3,440 
S. A. E. Steel vatve-guide was used, proving much superior to cast iron, 
hut wearing considerably at the valve-tip en<I on account of side-thrust 
and slightly at the head end because of the scale on the valve-stem. 



Pig. 296.—Bnlarged Section Through the Bahautt Port of Tyi>t K Aircraft Bngine 
Cylinder Showing Houeinge for Valve Spring and Oil for C^Ung the Spring and 

Insuring Lubrication of Valve Stem Guide. 

A file-hard lungs ten-steel valve of exactly the lyj>e shown in Fig. 295 
A was then tested with salt, using a hard lungslen-steel guide. The valve- 
cooling was much improved. The stem was dead-black and the hot zone, 
although reaching a temjieraturc of approximately 1.100 degrees Fahren¬ 
heit] was much reduced in area, l>eing about }i inch wide and confined 
to tie neck midway l)etween the inner edge of the seat and the junction 
of tne stem with the neck. After 100 hours of full-throttle running, the last 

under conditions of violent anto-ignition without attention, 
scaling of the neck was evident, but very little was observed on the stem. 
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Wear of the valve-stem and of the hard tungsten-steel guide was found. 
This was definitely due to the solid tappet, as later tests in which the 
rocker fulcrum was altered to a more favorable position relative to the 
valve-tip did not greatly reduce the wear of the griiide. valve-stem, tip and 
lappet. Substitution of a roller tappet, as shown in Fig. 294. finally elim¬ 
inated the wear of all these parts. Con.scquenlly, they will now stand a 
100-hour full-throttle test at 1,800 r.p.m. without measurable wear. Tests 
on this cylinder, when fitletl with a case-hanicned inlet-valve, showed that 
extreme hardness is of advantage even for inlet-valves. 

Much work has been done by Mr. llenm on the Type-K air-cooled 
cylinder. This cyliiulcr is of 4>i-iiirh Ihicc by 5j-^-inch stroke and has a 
IJi-inch diameter tulip inicl-valvc and a P-’J^o-inch diameter tulip exhaust 
valve, Ixjlh with Yx inch lift. A section of the exhaust port of the type-K 
cylinder is given at V'ig. 296. Tests were carried with a cylinder that 
had a cast-iron head and in which the bronze valve-scat inserts and spark¬ 
plug bushings were omitted. This cylinder developed 140 pounds per 
square inch brake mean effective pressure or 27.8 brake horsepower at 
1,800 r.p.m., the temperature of the head w*ail at a point on the exhaust- 
valve scat reaching 750 degrees Fahrenheit and even higher. Despite 
this very high hcad-tcmt>crntnrc. excellent c<M»liug was obtained with a 
salt-cooled valve, the hottest zone on the valve l>cing in the middle of the 
neck, about inch wide, and jnst perceptibly red. approximately 900 
degrees Fahrenheit. With an unfilled valve i<lentical in design with the 
one shown in Fig. 296 the valvc-c«>oling was by no means so good; the 
red z<mc began alxuit inch from the inner c<!gc of the scat and ex¬ 
tended over all the visible portion of the .stem, the maximum temperature 
of 1,300 to 1,350 degrees Fahrenheit occurring at the Junction of the stem 
and the neck. 

While 80 high a temperature is undesirable, the design was partly re¬ 
sponsible; impTovc<l results could no doubt have been obtained in this case 
with a valve designed to be used without internal ciHjIing. Notwithstand¬ 
ing. the c<>ollng was belter than that obt.itning in some water-cooled 
aircraft-engines now in use. These tests indicate that cylinder temperature 
has far less influence on valve-cmding than is commonly supposed and 
that the major Factors in v;dve-c<Kding arc the design of the valve, valve- 
port, valve-scat, guide and giiide-lioss. It is n<»table in these tests that, in 
spite of the high icmperaUirc of the cxh.iust-valve scat in the cylinder, 
the exhaust valve rim was black, less than 900 degrees Fahrenheit, in all 
tests, showing that a high rate of heat-transfer from valve to cylinder is 
possible where the temperature difference of the jx^rtions in contact is 
less than 150 degrees Fahrenheit. At the conclusion of the above- 
mentioned tests, all fins were removed from the head and the barrel of the 
cylinder, and a water-jacket was w'elded into place. No difference In 
performance, 27.8 brake horsepower or 140 pounds per square inch brake 
mean effective pressure at 1.800 r.p.m., was obtained, but the valve¬ 
cooling was improved. A salt-cooicd valve ran dea<l-b]ack under all con¬ 
ditions, while with the uncotded valve previously used, a red zone about 
H inch wide having a temperature about l.lOO degrees Fahrenheit was 
evident at the junction of the stem and the neck. 
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Constderatioa of Internal Valve-CooUng.—The main purpose of interna! 
vaivc'coolmg i$ lo reduce ihc teiii]>crature of the valve-head and of the head 
end of the vaivc-filem. This is done by reducing the temperature dtfTer- 
cnccs within the valve, or, in other words, by reducing the temperature nf 
the head and increasing that of the tip end of the stem. In the stem a 
reduction of the maxitniim temperature and of the temperature gradient 
from the head end lo the lip end is of advantage, as an increase of lh< 
mechanical strength and of the fatigue resistance of the head end results 
Elimination of recl-liot surfaces on the Mem priKluces heller ivearing condi¬ 
tions within the guide. An incrca.se of tcinpcrntiire at the lip end of the valve 
makes availahic u greater lempenaurc-gradient iur Iratisniilting heat Im 
the outer end of the guide, t<* the oil, if u.sed. and U» ihe eiK)ling medium 
I'.liminnlion of the red-hot head of the valve slumld he Siuight, as the 
relatively large incandescent area of a normal cxhausl-valvc lends to pni- 
(lucc detonation and thus to limit the availahic compression-ratio. 

Usnafly. the result of any c.Nlcnsivc red-hot area in the head of an 
exhaust-valve is tr* remlcr the valve generally unrcliahlc. Should the red 
zone extend to the rim of the valve, pitting and burning of its scat nsuall) 
devckip very rainilly in service, ncterioralmn of the valve itself under the 
latter condition is ofteti accoin|>aidc<] by the cutting, hamnieniig-<hnvn and 
pitting of the scat in the cylmder-hcad. High Icmpcralnre in the valve 
neck doe.s not mccssardy iin<dvc danger damage to the valve-seal. In 
some air-r<iole<l cy I in tiers, ^le.'^tntc fairly high tern perain res in the valve 
neck, jutting or l>urning of the valve or the cylinder seats docs not wciir, 
the riui iif tlK* valve remaining hlack uinlcr all comlilions. It may be 
well to stale that iii the latter ca^c the coiding of the valve rim is in no way 
due to the cylnxler's being alr-cindwl, hut rather lo the design <if the valve 
rim and seal; in fact, with efiicicntly aji]plie<l vvatcr-c<M>Mng. the conditions 
at the rim and the scat arc somewhat better. 

Cooling by Way of Valve-Seat.—Valvc-cnoling has two princijwil 
phases: coohng by way of the seal ami ciMpling by way of the stem and the 
guide. The width of a valve-seal has a marked effect ujpon the efficiency 
of the scal-c*i«ding (d)taiticd. A wide seat enlarges the area availahic for 
heat-flow, thus Indh increasing the amount of heal flowing by this palh 
from the vahe to the cyhiKlcr and reducing the ternpcrature-<liffcrcncc 
between the rim of the valve and the cylinder, on account of the lower 
intensity of the hcal-fl<»w. Onding by means of the stem and the guide 
is benefited by several design factors, namely: large diameter nf the valve- 
stem, bringing the guide as close lo the head of the valves as possible and 
shrouding the guide with a heavy guide-lwi.ss. I'ig. 296 w'hich shows a 
section through the exhaust valve, port and guide of the Tyj>c-K cylinder, 
illustrates the mo.st successful designing practice of the Engineering Divi¬ 
sion with regard to exhaust-valve cording. It cmIxKlics all the design 
factors mentionerl above. The largc-diamcicr valve-stem is of advantage 
in that it increases the area available for heat-flow from the stem. The 
possibilities of heat dissijiatton through the stem arc evident if the ratio 
between the contact area of the valve-seat and the cylinder and the contact 
area of the stem and the guide are considered. In the Type-K cylinder, tlu 
contact area of the seat is 1.075 s<^uare inch atid that of the stem with the 
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^ide is 4-570 square inches, a ratio of 4.25 to 1; ami this takes no account 
of the further steiu-coolin^ that is due to the tip's being sj^rayed with oil. 
In the Type-J cylinder, the seat area is 1.67 squ<are inch and the stem area 
IS 5.47 square inches, a ratio of 3.27 to 1. These two ratios show that, if 
suitable means I»e used to conduct heal np the stem and maintain a more 
i,T less uniform tcmpcratiire-distribnlion throughout its length, much more 
lieat can be dissipated by the .slciii lhati by the scat. 

Cooling by Way of Valve«Stem.—While the c<jnUct between the stem 
and the guide is less iniiniatc than tlial between the valve-scat and the 
cylinder, the latter cuiilact is maintaiiicd ft»r only two-thirds of the cycle, 
apj>roximntely; during the remaining third, the valvc-.scal am! the cylinder 
are not tmly out <»f coiuact. but ihe valve rim is rajjidly receiving heat from 
I he outgoing gas. 1‘he cITcclivcness of thermal con (act between the stem 
and the guide is markedly increased by tlu* oil-film resulting from lubrica- 
liou. for, alibougli it is a p(Mjreon<lnctor. oil pnHluccs a imich better thermal 
condition tlian (hat t»ro(lueed by dry inelal-ti»-n>ctal crmtact with its inter¬ 
vening air-gaj> between the surfaces. In the prece<liug calculations id stem 
Contact-surface, tlie area of the whole circmnfercncc is given. U is thc(»- 
retically possible to obtain this amount of c<Mitacl with running fils but, 
nevertheless, with the .stnull clearance of the stem in the guide rendered 
[lossible by the saU-c<M)led valve and the hard valve-guide, this comlition 
Kiibslantially iduains even wllboul Inbriealion. S<mie tiresciU designs 
using lubricated valve-stenis wtnild fmclrini intich less satisfactorily with 
dry valve-stems and guides. Internal c«H»ling renders available for heat 
dissijialion the relatively large surface of the valve-stem in a way that no 
possible Si did stein can. A body of liquid In a violent state of turbulence 
contained within the iuleriiir oi the valve CiMuhicls heat much imire rapidly 
by virtue (d its motion than can a solhl metal stem having a cross-section 
tijttal to that of the column of liquid. 

Internal Water-Cooled Valve-Stem.—Scnne previously used methods 
of mlenial valvc-coobiig have relietl Mp‘»n the direct dissipation of heal from 
the valvc-Ktcm t<» the imtside air by a linncd valve-slcm beyimd tlie guide. 
A design of tins type is sluuvn in Eig. which illustrale.s a water-cooled 
valve applied to an K. A. E, 4E air-cindcd cylinder. The experience of 
the Engineering Division has shown that sut elaborate a design is entirely 
unnecessary for cflicicnt intcnial-CiKiling. Internal-cooling is nc»t con- 
''idered worth tlic ctiiuidioatioiis fd split valve-guides, forked valve-r<»ckcrs 
and the increased headroom necessitated by a<lde<l valve-lcnglh, all cd 
which are introduced in a design of the type shown in Fig. 297. Sucli 
complications result in unsatisfactory desigti with regard to the rocker 
sidc-thrust on the valves, practically eliminating any |H)SsibiUty of com¬ 
pletely enclosing the vaivc-guidc. .*;pnng. n.cker and push n»d. Efficient 
internal valvc-cooling sharply reduces the maximum valve temperature. 
And there is grK)d reason to believe that a considerable reduction in the 
mean temperature is obtained, although this is not of marked importance, 
the main consideration Uing reduction of the maximum temperature. 

Fusible Salts Used in Valve-Stems.—In the bmginecring Division's 
salt-cooled valve, cfxdmg is obtained by partly filling a lirdb>w valve with 



662 


MODERN AVIATION ENGINES 


a mixture of fusible salts that has a boiling or decomiMsing point 
above any temperature attained by (he valve when it is in contact with tiu 
mixture. This meth<»d avoids the (lifficulty of retaining the cooling fluii; 
within the valve that is cxi>erieiKed in this county with mcrcury<oolc<l 
valves and in England with water-cooled valves. With salt fillings, tfu« 
pressures attained in the interior arc small and arc readily contained h\ 
a drive-fit plug in the tip of the stem. 'Phe final seal by welding, require'! 
with valves in which the cooling is ]>roclnce<l by the lM>iling and the con 
den sing of a fluid, is in this case unnecessary. 



Water VB por 
CdoNna* fins 


Aaproxtmete 

WBter level 



Pig. 297.—Ap^cetien of a Water-Cooled Exhaust Valve to an Experimental Air- 
Cooled Engine Cylinder. This Method of Cooling Kc<iuires Very Elaborate Design. 


With mercury or with water-cooled valves, cooling is obtained by th*' 
enclosing in the stem of a snmll (jitanlily of fluid, which is boiled at the hea'l 
end and condensed at the lip end. To wc»rk most eflicicnlly. Ibis type 
valve should have a vertical stem and its head should 1>e down. Otherwise, 
if the stem be far out of the vertical, the lK»ilcr and the ctmdcnscr action will 
fail. Although the cooling of valves filled with fluids vaporizing at work¬ 
ing temperature is due mainly to boiling and condensing, under certain 
conditions a considerable am<mnt <»f ciH»ling seems to be obtained by the 
turbulent motion of the filling. There is reason to believe that the cqualitv 
of valve-cooling l>ctween the top and the bottom cylinders experienced 
with mercury-cooled exhaust valves in some air-cooled radial engines is as 
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Tiiuch due to the turbulent motion of the mercury as it is to the boiling and 
I he condensing, for alxmt 60 per cent of the stem volume is filled with 
mercury, which is in excess of the amount required for boiling and con¬ 
densing only. The valves in the lower cylinders obviously would fail to 
cciol by the latter method if they were filled with only sufficient fluid for 
I his purpose, as the fluid would Iw in the condenser and the vapor in the 
boiler. 

The internal pressure pn«luccd by the boiling of mercury or of water 
causes much trouble fnmi leakage. The mercury-cooled valve has never 
been dependable, for it is by jio means umisual to find after some hours 
i)f service that a c(»nsider.ib(c p<irtion oi tlic mercury has leaked out of the 
stem. With water-coolvil %alvos, great difficulty has been experienced 
with leakage, and also with the high internal-pressure's either swelling or 
Inirsting the valvc-slcni. Pure tin, the first filling tested by the Engi¬ 
neering Division, gave satisfactory c<»oling but su eroded the interior of 
the stem at the head end that a fracture resuhed. 

It is not 5iir(»rjsing that troubles with bursting are experienced with 
water-cooled valves as lempcraiurcs in excess of 700 <legrccs Fahrenheit 
have been measured on lx>ih the head and the tip o( such valves. At this 
temperature, saturated steam develops a pressure of approximately 3,000 
|>nuncfs per square iiicli. Ah such a pressure sets up ronsulerable addi- 
licmal .stress in the metal <»f the valve, the <liflicully of containing it by 
welding or other means is apparent. The Engineering Division’s salt- 
cooled valve d<ics not de)»cnfl f(»r il.s cooling upon boiling and condensing, 
(nil rather, as stated previously, mwi the heat-transfer resulting from the 
turbulent motion of a nimlHnliug liquid contained within the interior. The 
valve i.s So filled with salt that a ."pace of fnmr.^J to three inchc.s or more 
is left between the t(»p of the molten salt, at the assumed working tempera¬ 
ture of 750 degrees Fahrenheit, and the inside end of the valve-stem lip- 
plug. 

Composition of Salt Filling.-^Tlic filling that has been most used is 
the culectie mixture of sfHliuni .'ind iMitassiuin nitrates, which has 45,5 
per cent of »»dium nitrate and 54 5 per cent of jicitassium nitrate by weight, 
't his mixlurc melts at 4J5 degrees h'ahrenheit an<l, from the melting-point 
to 750 degrees 1‘ahrenlicit, exijands api»roxiniately sixteen per cent. It 
rc.adily wets the surface of hoi steel, up to OQO degrees Fahrenheit at any 
rale, and has shown no Irudcncy to dccom(K»se in the interior of valves 
subject to very heavy duty. This filling gave c.xcellcnt results, but. after 
exarainatiem of the temper colors t*u the tip end of the valve, it was thought 
that the melting temperature was t<Ki high and that the salt was froteti in 
the tip of the stem, thus markedly reducing the heal dissipated from this 
liortion of the valve. To overciunc this supixiscdly frozen condition of the 
salt in the tip of the stem, a filling with a lower melting-iiolnt was investi¬ 
gated. The eutectic mixture of 34 j»cr cent of lithium nitrate and 66 per 
cent of potassium nitrate by weight melts at 265 degrees Fahrenheit but 
is very hygroscopic, making it necessary to heat the mixture to at least 
750 degrees Fahrenheit to get rid of the water. 

For an output of 52.5 brake htirscjiowcr the valve shown in Fig. 295 A, 
proved to have insufficient C(x>ling to prevent scaling. Red scale was pro¬ 
duced on the neck, particles of whiej^ became detached ard adhered to the 
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seat of the valve. Although the stem of the valve was dead^black, a layer 
of black oxide formed at the junction of the stem and the neck and resultc ' 
in poor bearing conditions at the mouth of the head end of the guide. Tebi • 
of valves with direct head-cooling were therefore carried out, these valves 
being of the types shown at Fig. 395 B and C. It is possilde that in air¬ 
cooled cylinders of large output, head cooling as well as stem cooling may 
be necessary. 

H hollow-head valves are to be used, it will be necessary to sccun* 
absolute reliability in any welds that arc exposed to exj)!osion pressure 
Otherwise the design with stem pooling imly is j»refcrahlc, there bein^; 
practically no risk from leakage of the filling with this type. 




Dual valves 
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Fig. 298v—Plan View and Sectional Elevation of the Airco Five and One-Half by Ssx 

Inch Roof Head Cylinder. Having Pour Valves, 


Valve Steels.—The Engineering Divi.sion up to the present time has 
found that, for internal cooling, high-lnngsten steel, cemtaining from four 
teen to eighteen per cent of tungsten, has the advantage in compartsoi* 
with other materials. With internal cooling, it‘is possible to eliminate 
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scaling^ and burning, which arc the chief disadvantages of tungsten steel 
for exhaust-valves. The advantages of high-tungslen steel are the extreme 
hardness that is retained during and after cx|K>sure to the highest working- 
temperatures attained with salKiHdc'd valves, strength at high tempera¬ 
tures and excellent resistance in wear. Strength at high Iciuperature has 
little advantage with internal co<iling; thus, hardness and resistance to 
wear are the two im[»orlaut ecjnsi<leratiimH. Practically file-hard valve- 
-fems that will not in service allnw the use of file-hard valve guides, 

(he advantages of which will \k discussed later. 

A valve steel that could 1>c pro<hiccd with nonscaling properties in con¬ 
junction with secondary har<lncss or. at any rate, practically file-hardness, 
after tempering at 750 degrees Fahrenheit, the filling and approximate 
running temperature, wouhl he superior to tungsten stcc! for internally 
CiMilcd exhaust-valves in cases where the maximum temperature of the 
\alve cscchIs <X)0 degrees I%ihrenhcit. The ICngineering Division is inves- 
ligating the problem of proruriug such a steel. The best method of attack¬ 
ing the exhaust-valve problem, however, appears to he by re<iuc!ng the 
icmpcrature to such a point that scaling will not occur with any steel. 
']*hc excellence of ino<lcrn valve-steels has considerably tibscured the 
cxiiaust-valvc jiroblem, instead of cliuiiiiatiug the cause of the trouble, 
that Is, excessive temperature. A temiM*rary cure has been obtained by 
inifirtiving the jir^ipcrtics of the valve material at high tcmjjeraturc. Such 
an expedient in no way elimiiiales the fundamental cause, and recurring 
irmiblc is experienced with es cry in<Tea<e of valve size and duty. 

Tulip Form of Valve Head.—The Jviigineering Division has reason to 
i*(insider, in general, that the tuliii type of valve is superii»r to the flat-head 
nf mushroom tyjie as regards C(Miling, gas-j>as^ing ca|xicily and resistance 
to warping and stretching. These conclusions have, as a whole, Ixjcn 
corrolK>rated by the liureau of Aeronautics, of the Navy Department, after 
much comparative te.siing of Lil>crty engines, and by the Wright Aeronau¬ 
tical Corporation, which has carried out cxlcnsivc tests on Wright E and 
II engines. Recent fiill-lhrollle tests of I.ilicrly engines at the Engineer¬ 
ing Division have sharply demonstrated tlial the tulip f<»rTn of valve has 
greater reliahility and strength than has the mushroom type. 

Valve Size Considerations.—loir air-c<Milcd cylinders, the Engineering 
Divi.sitin successfully uses valves of relatively .smaller diamclcr, but with 
cimsiderably liighcr lift, than are current jiracticc in this cimntry. A com¬ 
parison of Liberty and Ty|>c-J Engineering Division cylinders shows the 
• lilTcrent types oi practice. The Lilierty is of five-inch bore and seven- 
inch stroke, has a capacity of l.?7-5 cubic Inches, runs normally at 1.700 
r.p.m., and has two iJ/j-inch valves. Tlie exhaust valve has a )4-inch 
and the intake valve a ^^rt-inch lift The Type-J cylinder is of 
bore and 6^-inch stroke, has a cajKiciiy of 161.5 cubic inches, runs at a 
normal speed of 1.800 r.p.m., and has a 2;/i-mch intake valve and a 2^- 
inch exhaust valve, both with yiG-inch lift. 1'hc mean efTectivc pressure 
'»f the Type-J cylinder is not inferior to that of the Lilwrty engine when 
l>f^th are tested as single cylinders; in fact, few cylinders with appreciably 
higher mean effective pressure than that of the Type-J engine when so 
tested arc known. The practice of using exhaust valves of a diameter 
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^mailer than that of the intake valves has much in its favor and appears to 
1)0 free from undesirable effects on performance, as in larfi^c two-valve 
cylinders the exhaust valve is often made smaller than the inlet for valve- 
cooling reasons with satisfactory results. Such an arrangement usually 
requires an excessive exhaust-opening period to produce the best results, 
i^nwever, in spite of running generally at a somewhat lower speed than the 
four-valve tyi>c. 



Fig. 299B.—-Part Secttonal £nd View of Cameron Air-Cooled Engine Showing Uncon¬ 
ventional Type of Cylinder Construction and Placing of Valves so Exhaust Valves are 

Cooled hy the Entering Fresh Qss. 

Experience lends to show that with an increase of the valve size the veloc- 
ily through the annulus can be increased considerably without affecting the 
^•rakc mean effective pressure. This is prolmbly due to the decrease in 
riction in the port, owing to the increase of the ratio between the port- 
n’ca and the maximum area in the animliis, ns is brought out in some 
5 nier remarks on the Type-J cylinder. A large two-valve cylinder, having 
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gas velocities approximating those of the four^valve type used in the tcsi.^ 
is very difficult to produce successfully. Large valves, if crowded into tlv 
combustion<haml>er, will result in cooling troubles, and a decrease of tbi. 
gas velocity by an increase of the lift beyond inch generally results ii 
severe mechanical didicultics. In the three* and four-valve types of cylinder, 
such valving as is used by some American water-cooled aircraft-engine 
constructors leads In siTirms cooling difficulties, the principal source heino 
the bridge l)etwccn the exhaust-valves. The development in Europe ('i 
the air-cooled cylhulcr of high output has resulted in the adoption of rcla 
lively small valves used in conjunction with high lifts. Attempts to val\« 
air-co<dctl aircraft-engine cylinders, particularly <»f the three- and four-valvr 
types, on the proportions used for air-c(KilcO racing mott>rcycle engines 
have rc.sulted in failure; it is by no means nncoininon tr» find the lattu 
type of cylimlcr in ibc .^(K'ubic inch sixe fitletl with fimr (werhead valvi n 
of approxiniatety IJ^-inch diameter in the port. Such design is fbiKsibk 
only with small cylinders and with engines that do not run on full throttle 
for long periods. Experience tends to sliow that even f<jr intennittejn 
short hursts at full throttle, the engine having liigli gas veh^citics and goud 
valve-cooling will give belter jkiwct and |KTf<»rniance than the type having 
a comhusti<in-cliamher con.sisting mainly of valves, aiul that, in spite u( 
the marked advantages of overhead valves for air<oolod engine.s, their 
advantage is mainly lost if iwcr-valving i$ attempted. 

Roof Head Cylinder.—The Airc<» cylinder shown at Fig. 2^)8 is whal is 
kmiwn as a roof heail four-valve type atui tests have dcinonsiratet) that lU 
power outjuU was not greatly superk^r h> the tunivalve cylinder oi the 
same sixe. The use of two exhaust vaivc.s in.stca<l of one usually rcsuli?> 
in superior valve cooling. In the Camcnm four-cylinder engine design 
shown at Fig. 299 A c<K)ling of the exhaust v;ilves, which arc of the solid 
stem type is obtained by their KH*ation in the cylinder head where they arc 
directly ojijHjsilc the intake valves and all fresh gas impinges directly (m the 
exhaust valves, this prodncnig two l>encficial results In that the fuel 
completely va|M»rizcd and heal abstracted by any liquid globules in the 
vapor is taken from the exhaii.st valve heinls and re<hices their temiicrature 
The valve stems arc lu^rjzrmial with this cylinder head design ami valves 
arc actuated by a palcnlo<l vertical rocker shaft arrangement. No compen¬ 
sation gear is ncctlcd as the lengthening of the cylinders due to heating 
does ntd affect the clearance between the valve stems and operating means, 
as is the case with overhead valves having inclined or vertical valve steiii.'^ 
The end sectional view at Fig. 299 B show's the type of conilnistion-cliambcr 
employed that makes opi)05ite valve placing jxjssiMe in Cameron engincs. 
Thc head construction promotes turbulence in fresh gas during compression 
stroke. 

Design of Valve-Stem Guides.—The problems of wear and scoring of the 
valve stem and the valve guide seem to be worthy of much investigatkm. 
Examination of the valves and the guides from service cngine.s after normnl 
use has shown that, even when lubricated, normally ten per cent of tin* 
stems and the guides arc scored by the time the first overhaul becoin<' 
necessary. The obvious line oi attack is to increase the hardness of tb^’ 
wearing surfaces; and this has in practice proved to be one successful 
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?nethod of solving the File-hard tungstcn-stccl salt-cooled valves 

are now on test with lx>th file-hard tungsten-steel and case-hardened low- 
carbon-stcel guides. The tungstcn-stccl guide is probably the best general 
<;olution of the valve-guide problem; for» although it is not quite so hard 
initially as the case-hardened guide, it is less likely to lose its hardness in 
service on account of cylinder temperature, removal or insertion by a 
l>low-pipe, in aluminum cylinders, or any heat-treatment that is likely to 
l)C given to the cylinder-head during the assembling and the enamelling. 

The case-hardcned guide gives excellent service where conditions do 
not cause loss of hardness at the valve-tip end. But when practically the 
whole of the guide is contained within the guide-lxtss of an air-cooled 
cylinder, the entire guide becomes partly softcnctl. In water-cooled cylin- 
ilers, and in air-cooled cylinders, when a cnn.sidcrablc fiortion of the top 
end of the gnlrlc preUrndcs from the Iwjss an<l is thus directly air-coolcd, 
nr when the gui<le is lubricated and thus oil-co<dcd. the loss of hardness at 
the valve-tip end the guule is inajipreciable. Drawing c»f the vnivc-head 
end of the guide occurs more or less in any rase. Imt in practice it is of 
no consc(|uence, as little or no wear occurs at this point, and, unless the 
valve-stem scales on account of excessive tcin)>eratiire, galling of the hard 
valve-stem docs itot occur. Extreme hardness of the vnlve-tip end of the 
is required t(» resist the shlc-thrust fwcnrring with rockcr-operated 
valves. Wear of the valve-stem an<l of the guide due to side-thrust an<l the 
resultant tilt of the stem in the gui<le first occur on a line at the mouth 
of the guide and over a length of the stem. I.inc ccmtact of the stem at 
the mouth of the gnulc censes ns scHin as wear takes place. It is largely this 
Jine-cont.nct that results in ihc cutting and the galling of S4)ft valve-sterns; 
the greater the clearance Irciwecn the stem and the guide and the shorter 
the guide, in terms of the mnuher of valve-sirm <linnicter lengths, the 
greater will lie the tendency to liU and to cause cutting niul galling. 

The arguments against the tungsten-steel gtjidc arc the cost of the 
material and the difficulty of machining. To ream a hole so free from 
scratches and grooves that lapiniig-oul O.OOl inch after hardening will pro¬ 
duce a mirror-like finish is difficult. If the snrf.acc in the bore before 
hardening is such as to prwlude lai>ping f<»r a final finish, grinding must 
l>e resorted to. This is l>ith difficnll and exjiensivc with the small lK»rcs 
used in valve-guides. If reaming and lapping arc de^icnded ujxm, a badly 
reamed hole will result in a waste of cxinuisive material. It is p<»ssible 
that the heat-trcalmcnt of the liar-stock might reduce the tlifficulty of ream¬ 
ing a hole free from scratches. The |H)Ssilnlitics nflc-drillfng followed 
by broaching, as a commercial mcth(Hl of pr««lucing a smooth finish re¬ 
quiring only lapping after hardening, are Ijfing investigated. 

The case-hartleiicd giiulc producc<l fnnn 1D15 or No. 1020 S.A.E. 
Steel has many manufacturing advantages. If a poorly machined hole is 
l>roduced. the ct»st of the scrapped material is negligible. After heat- 
treatment. it is nccc.ssary to remove only 0.001 inch by lapping to produce 
a mirror-like finish in the l>ore. The Engineering Divi.siojrs practice is to 
ream 0.0005 inches, nominal, under standard siae, to harden and then to 

to 0.0005 inches, nominal, over sUndard sise. When the guide is driven 
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into the cylinder, the bore returns to practically standard size. Case 
hardened guides are given a case-hardening %4 to Ke inch deep, a practice 
that is in accord %vith that of the Engineering Division in connection witi 
wearing parts subject to heavy loads in air-cooled cylinders. 

The Randall graphite-filled valve stem guide shown at Fig. 300 is a ren’ 
step forward in the perfection of the |)op|>ct valve internal-combustion 
motor. Hitherto no satisfactory manner of lubricating the valve stems has 
been devised. Oil cannot always be used for lubrication as the exhaust 
valves may l>ccome too hot ami the oil will carlxmizc on the stems thereby 
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Fig. 300.—Sectional View of RandsU Crar^te-FUled Grooved Valve Stem Guide. 


increasing friction and causing sticking valves. This condition makes it 
desirable t<» use a solid lubricant which is not afTected by the great heat 
conducted ihnmgh slciiis to guides. The only substance which efficiently 
fulfills all requirements is said t<i be a graphite mixture. Using graphite 
in varkms forms as a lubricant is very old. Millions of oiblcss hearings 
made under the same patents as these guides arc giving service throughout 
the automotive industries so satisfactorily that their uses and applications 
are constantly increasing. The application of graphite to the valve-stem 
guide with this patented process lubricates tins part and practically pre¬ 
vents friction. Tu eliminate friction means longer wear, less power con¬ 
sumed, more power delivered, and what is even more important the whole 
unit, guide and valve remaining In line will assure the valve head being 
always tightly seated. It is claimed that a valve stem working in the 
graphited guide will keep the valve seated as well after thousands of miles 
of use as it does in a new motor and these guides have been widely itsed 
as a replacement in motors of the OX series as well as others of the water- 
cooled form where no provision is made (or adequate valve-stem cooling 
or lubrication. 

Valve Seat Inserts.—When aluminum alloy is used for cylinder head^. 
i( is evident that this material would not i>ermit of seating valves directly 
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in it because it is too soft and the valve seatings would soon pound out. 
The proper application of valve seat inserts of harder material is somewhat 
of a problem. Inserts have been cast in, shrunk in, threaded in and ex- 
panded in, the latter construction giving good results, the cast-in inserts 
also being practical but having disadvantages. 

CasNin inserts arc a p<M>r prrxluction proposition in the foundry. They 
are exceedingly liable to shift on the core when in the mould and cause the 
bore of the insert to be eccentiic with the outside when finish-machined. 
The cast-in insert of any material is prone to develop defective thermal 
contact or to even come loo.se. Due to casting shrinkage the insert initially 
may be tight in the cylinder-head when Ixith the head and the insert are 
hot. As a result either of anne.iling in the course of prcKhtction nr of the 
gradual annealing that occurs in operation the casting shrinkage is ulti¬ 
mately largely removed. The less the difference is in the coefficients of 
expansion of the materials of the head and the insert, the greater will be 
the chance of a cast-in in.sert remaining light. Ahuturutm-bronae cast-in 
inserts have on this acc<mi)t proved markedly .superior to steel or cast iron. 
Mr. Heron states that cast-in inserts are an example of cv.Kling a design 
issue at the expense of the foundry. 

The expanded-in insert gives excellent results in annealed cylinder- 
heads. The amount of expansi<»n rctpiired ha.s. htiwcvcr, to 1>c determined 
experimentally in each case and is rather difficult to control. Shrunk-in 
aluminum-bronze inserts have been developed by the engineering division 
of ihc U. S. Air Corps and have given excellent results. Shrinking fits 
and temperatures arc much more readily conirollc<l and inspected than 
cither casting-in or expanding. With shrunk scat-inserts the cylinder-head 
has to be machined partially, the inserts then shrunk in and the head 
reset for final machining, which is somewhat of a disadvantage. The 
shrunk insert, at least for inclined valves, is difficuH to apply lo other than 
boltcdon or screwed-on heads. It is ^Kissiblc with a shrunk-in insert and 
with known shrinking aliowance.s and temperature conditions to l>c certain 
that good thermal contact always exists. 

The greater conductivity of bnmzc in comparison with cast iron or steel 
is a distinct advantages for an insert. While ihc radial effect is of little 
consequence, the increase of possible circumferential heat-flow within the 
insert may in sumc cases have a marked effect on the valve cooling, par¬ 
ticularly where two exhaust-valves arc used. Tn three- or four-valve cyl¬ 
inders it is often noticeable that the i»oints of closest proximity of the 
cxhatist valves are considerably hotter than the most widely .separated 
portions. 

Valve Timing._It is in valve liming that cons<lcrablc difference of 

opinion prevails among engineers, and it is rare that one will see the same 
formula in different motors. It is true that the .same timing could not be 
used with motors of different construction, as there arc many factors which 
determine the amount of lead to l>e given to the valves. The most im¬ 
portant of these is the relative sire of the valve to the cylinder bore, the 
speed of rotation it is desired to obtain, the fuel efficiency, the location 
and method of operation of the valves, and other factors too numerous 
to mention. 
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Most of the readers should now be familiar with the cycle of operation 
of the intcrnal-coinlnistwm motor of the four-stroke type, and it seems 
utiiuTssary to into detail except to present a review. 'I*he first stroke 
of the piston is one in which a charge <»f gas is taken into the motor; iht 
second stroke, which is in reverse direction to the first, is a comprcssiun 
stroke, at the end of which the sjMirk lakes place, cxpUxIing the charge ami 
driving the piston down on the third or expansion stroke, in which the 
piston moves in the same direction ns in the intake stn»kc, and finally, after 
the piston has nearly reachc<l the end of this stroke, another valve opens 
to allow the burned gases to escape, and remains open until the piston has 
reached the end of the fimrlh str(»keand Is in a tiosition to liegin the series 
over again, The ends of ilie strokes arc reached when the piston comes to 
a stop at either top or bottom of the cylimlcr and reverses its motion. 
That point is known a.s a center, and there arc two for each cylinder, l(jp 
and bottom centers, rcsj>ecilvely. 

All circles may he divMle<l into ,%0 parts, each of which is known as a 
degree, an<l. in turn, each of these degrees may be again divided inti» 
minutes and seconds, though we need not concern ourselves with anything 
less than the degree in valve timing. Each stroke of the jdston rei)rcsqnts 
180 <lcgrees travel c»f the crank. ?)ccaiisc two strokes represent one complete 
revolution nf 360 degrees. The top and Ixitlom centers arc therefore 
separated by 180 degrees. Theoretically each phase of a huir-cycle en¬ 
gine begins and ends at a center, though in actual practice the inertia or 
movement of the gases m,ikcs it necessary to allow a lead or lag to the 
valve, as the case may l>e. Jf a valve opens lafore a center, the 
distance is called “lead*'; if it closes after a center, this distance is known 
as “lag/* The profile of the cams ordinarily used to open or close the 
valve.s rei)rescnts a ciinsiderablc lime in relation to the 180 degrees of the 
crankshaft travel, and the area of the passages through which the gases 
are admitted or exhausted is quite small owing to the necessity of having 
to open or close the valves at slated times; llnTeb*re. to open an adequately 
large passage for the gases It i.s ncrc.ssary to open the valves earlier an<l 
close them later than at centers. 

Advanced Exhaust Valve Opening Essential^That advancing the 
opening nf the exhaust valve was of value was discovered on the early 
motors and is explained by the necessity of releasing a large amount of 
gas, the volume of which has l)een greatly raised by the heat of combus¬ 
tion. When the inlet valves are mechanically operated it was found that 
allowing them to lag in some instances at closing enabled the inspiration 
of a greater volume of gas. Disregarding the inertia or flow of the gases, 
opening the exhaust at center would enable one to obtain full value of the 
expanding gases the entire length of the piston stroke, and it would not 
be necessary to keep the valve o|ien after the tc*p center, as the reverse 
stroke would produce a suction effect which might draw some of the inert 
charge back into the cylinder. On the other hand, giving full consideration 
to the inertia ol the gas, and the fact that piston movement is very little 
in proportion to angular movement of crankpin at either lop or bottom 
centers, opening the valve before center is reached will provide for quick 
expulsion of the gases, which have sufficient velocity at the end of the 
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stroke, so that H the valve is allowed to remain open a little longer, the 
amount of lag varying with the experience of the designer, the cylinder is 
cleared in a more thorough manner. 

Blowing Back.—When the factor of retarded opening is considered 
without reckoning the inertia of the gases, it would appear that if the 
valve were allowed to remain o|)cn after center had passed, say, on the 
closing of the inlet, the piston, having reversed its motion, would have the 
effect of expelling part oi the fresh charge through the still open valve as 
it passed inward at its compressiim stroke. This effect is called “hlowing 
hack," and is often noted with motors where the valve settings arc not 
ahsolutely correct, (»r where the valve 5]>rings or seats arc defective and 
prevent prirper closing, This factor is not of as much import as might ap¬ 
pear, as on closer omsidcration it will he seen that the movement of the 
[hstoii as the crank reaches cither eiul of the str<ikc is less per degree of 
angular movement than it is when the angle the connecting rod is greater, 
'rhcii, again, a certain definite tliongh small firriod <if time is rec(uired for 
the reversal of motion of the jMsUm, during which time the crank is in 
motion hut the piston practically at a standstill. If the valves are allowed 
to remain open <luring this |H*riod. the passage of the gas in or out of the 
eylindcr will he by its own inonientitm. I'liere is very little piston move¬ 
ment either up or down for an interval corresponding to almnt 30 degrees 
crank travel either side of a top <»r iKittom center iH»siti<in of the erankpin. 

Why Lead is Given Exhaust Valve.—1*he faster a motor turns, all other 
things being crfinil, the greater tlie amount of lead <»r advance it is neces¬ 
sary to give the i^petiitig of the exliati.sl valve. It is self-evident truth that 
if the s|>eed of a motor is doubled it travels twice as many degrees in the 
lime necessary to lower the pressure. As most designers are cognizant of 
this fact, the valves arc proportimied accordingly. It is well to consider 
in this respect that the cam ]iri»hlc has much to lU* with the manner in 
which the valve is opened; that is, the lift may be abrupt ami the gas 
alhiwcd to escape in a hodv. or the opening may l>c gradual, the gas issu¬ 
ing from the cylintlcr in thin streams. An analogy may l>c made with the 
o]»ciiiiig any bottle which contains liquid highly carbonated. If the 
Cork is removed smldenly the ga.s escapes with a hmd p<ip. hut, on the 
other hand, if the bottle is unr<»rked gradually, the gas escapes from the 
receptacle in thru streams around the cork, and passage of the gases to the 
air is accomplished without lUMse. While the secoiul plan is not harsh, it 
is slower than the former, as must l>c evident. Authorities seem to agree 
dmt the valve fcdhnvers <»f high-speed eiigiuc.s do not follow the cam 
profile absolutely and actual valve action and timing in practice is never 
the same as a theoretical consideration on a drafting lK>ard would indicate. 

Exhaust Closing, Inlet Opening.—A point which has been much dis¬ 
cussed by engineers is the proper relation of the closing of the exhaust 
valve and the opening of the inlet. It was formerly thought they should 
succeed each other, the exhau.^t closing at u]>per dead center and the inlet 
opening Immediately afterward. The reason why a certain anKiunt of lag 
is given the exhaust closing in practice is that the piston cannot drive the 
gases out of the cylinder unless they are compressed to a <legree in excess 
of that existing in the manifold or pa.ssagcs, and while toward the end of 
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(he stroke this pressure may be feebJe. it is nevertheless indispensable. 
At the end of the piston’s stroke, as marked by the upper dead center, thij> 
compression still exists, no matter hovr little it may be, so that if the 
exhaust valve is closed and the inlet opened immediately afterward, the 
pressure which exists in the cylinder may retard the entrance of the fresh 
gas and a certain portion of the inert gas may penetrate into the manifold. 
As the piston immediately begins to aspirate, this may not be serious, 
but as these gases are drawn back into the cylinder the fresh charge will he 
diluted and weakened in value. If the sparkplug is in a pocket, the points 
may be surrounded by this weak gas, and the explosion will ned Ik nearly 
as energetic as when the ignition spark takes place in pure mixture. 

It is a well-known fart that the exhaust valve should close after dead 
center and that a certain amount of lag should Ik given to opening of the 
inlet. The lag given the closing of the exhaust vulvc need not be as great 
as that given the closing of the inlet vnivc. Assuming that the excess 
pressure of the exhaust will e<|ual the depression <liiring aspir«ation, the 
time necessary to complete the emptying of lUc cylinder will be propor¬ 
tional to the volume ot the gas within it. At the end <»f the suction stroke 
the volume of gas contained in the cylinder is c<]ual to the cylindrical 
volume plus the .space of the coni bust ion-chain I »cr. At the end of the 
exhaust str<*kc the v<dumc is but that of the dead space, and from one- 
third to onc-fifth its volume 1>ert»re compression, While it is natural to 
assume that this excess of burned gas will escape faster than the fresh 
gas will enter the cylinder, it will be seen that if ihc inlet valve were 
allowed to lag twenty tiegrccs. the exhaust valve lag need not Ik more 
than ten degrees, providing that the capacity of the combustion-chamber 
was such that the gases occupied oue-f|uarler their former volume, lii 
later forms of engines, in order to overcome the lag in valve operating 
mechaiiisms. the inlet valve starts to open iKfore the exhaust is com¬ 
pletely closed, though at high speeds, the overlaj) is not enough to have 
l>oth valves actually <»pen at the same time. What really occurs is that 
one valve is practically closed iKforc the other one really open.s. 

It is evident that no absolute rule can l»e given, ns hack ])rcssure will 
vary with the design of the valve passages, (he exhaust rings, stacks or 
manifohls and the construction of the muillcr if any is used. The more 
direct the opening, the 8<K)ner the valve can Ik closed and the better the 
cylinder cleared. Ten degrees represent an apprecial)lc angle of the crank, 
and the time required for the crank to cover this angular motion is not 
incon.sicierable and an im(H>rtaut quantity of the exhaust tiiay escape, Ixit 
the piston is very close to the dead center after the distance has been' 
covered and has moved but little. 

Before the inlet valve opens there should be a certain depression in 
the cylinder, and considerable lag is sometimes allowed before the depres¬ 
sion is appreciable. On high-.speed engines, to make sure that the inlet 
will open in time, it is often given a lead of five degrees and there is an 
actual overlap between inlet opening and exhaust closing, this being as 
much as fifteen to twenty degrees. So far as the volume of fresh gas 
introduced during the admission stroke is concerned, this t$ determined 
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|>y the displacement of the piston between the point where the inlet valve 
opens and the point of closing;, assuming that sufficient gas has been 
inspired so that an equilibrium of pressure has been established between 
the interior of the cylinder and the outer air. The jK>int of inlet opening 
varies with different motors. It would api)ear that a fair amount of lag 
would be fifteen or twenty degrees past top center for the inlet opening, 
as a certain depression will exist in the cylinder, assuming that the exhaust 
valve has closed ten degrees after center, and at the same time the piston 
has not gone down far enough on its stroke to materially decrease the 
amount of gas which will he taken into the cylinder. 

Closing the Inlet Valve.—As in ihc cn.se with the other points of open¬ 
ing and clo.sing, there is a wide diversity of practice as relates to closing 
the inlet valve. Some of llic designers close this exactly at Uittom center, 
IkU this practice cannot he comiucndc<l. as there is a considerable portion 
of time, at least ten or fifteen degrees angular motion of the crank, before 
the piston will c(»mmence to travel to any c.vtent on it.s c<mi]iressjon sir<ikc. 
The gases rushing into the cylinder have consi<lcrali1e velocity, and unless 
an equilibrium is obtained between the pressure inside ami that of the 
atmosphere outside, they will continue to rush into the cyliiuler even after 
(he piston ceases U* exert any suction effect. 

Ftjr this rea.son, if the inlet valve was closest! exactly on center, a full 
charge would not l>c in.s|)irc(l into the cylinder, though if the lime of 
clo.sing is delayed, this numirntuni or inertia of the gas will l>e enough to 
insure that a maximum charge is taken into the cylinder. The writer con¬ 
siders that nothing will be gained if the valve is allowed to remain o|>en 
longer than 25 to 30 degrees, and an nnuly.sis of practice in this respect 
would seem to confirm this opinion. From that jMdnt in the crank move¬ 
ment the piston travel increases and the compressive effect is ajiprcciable, 
and it would appear that a considerable pro]Hirtion of the charge might be 
blown back into the manifold and carburetor if the valve were allowed to 
remain open beyond a jHiiut corres|K>ndiug to .V) degrees angular movement 
of the crank, though in .stnne nuKlcrn engines, the inlet closing lag may be 
as late as 35 or 40 degrees fur Vcc*tyj>c engines and over 70 degrees on 
radial cylinder engines as measured by crank)Mii travel. 

Time of Ignition.—Tn this c<»untry engineers unite in j>roviding a varia¬ 
ble time of igniti<m. though aliroad some difference of opinion is noted on 
this ]Knnt. The practice <»f advancing the time c»f ignition, when affected 
electrically, was severely condemned by early engine makers, these main¬ 
taining that it was necessary l>ecau.se of insufficient heal and volume of the 
spark, and it wa.s thought that advancing ignition was injurious. The 
engineers of today appreciate the fact that the heat of the electric spark, 
especially when from a mechanical generator of electrical energy, is the 
only means by which we can oldain practically instantancoii.s e.vplosion, 
as required by the oj>cration of motors at high speeds, and for the com¬ 
bustion of large volumes of gas and that firing take.s an appreciable, though 
very small period of time. 

It is apparent that a motor wdth a fixed jKiint of ignition is not as 
desirable in automobiles or airplanes where the engine is started by 
''swinging the stick,*' as one in which the ignition can advanced to best 
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meet different requirements of starting and running and the writer does 
not readily perceive any advantage outside of simplicity of control ii. 
establishing a fixed i>oiiit of ignition for automobile engines. In fact, ther^ 
seems to be some difference of o^nnion among those designers who favfti 
fixed ignition, and in one case this is located 43 degrees ahead of center 
and in another motor the point is fixed at twenty degrees, so that it mu) 
he said that this will vary as much as 100 ])er cent in various forms. Thu 
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point will vary with different nictho<U of ignition, as well as the location of 
the sparkplugs. To secure simplicity, sonic airplane engines use set spark; if 
an advancing and rctanling mechanism is fitted, it is only to facilitate start* 
ing, as the s|>ark is kept advanced while in flight, and control is by throttle 
alone. As the st>ark .should he retarded when an engine is started by turn* 
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inf a propeller by hand, to prevent danger of "kick back” and injury to 
]>erson starting the motur» variable spark timing is still desirable aviation 
practice. 

No Set Rules for Valve Timing.—It is obvious by consideration of the 
foregoing that there can be no arbitrary rules established for timing, be¬ 
cause of the many conditions which determine the best limes for opening 
and closing the valves. It is customary to try various settings when a 
new motor is built and given l>rakc tests until the m<»st satisfactory points 
are determined, and the setting which will be very suitable bir (me motor 
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Pig. 302.»T)fpical Timing Disc Lay-Out lor Six-Cylinder Automotive Engine. 

is seldom right for one of difTcrciil design. The timing diagram shown at 
Fig. 301 applies to the curly llall-Sciitt engine, ami may be considered 
typical. It should lie easily followed in view of the very complete explana¬ 
tion given in preceding |»ages. Another stx-cylinder engine diagram is 
shown at Fig. 302. and an ciglit-cyUnder timing diagram is shown at Fig. 
303. In timing automobile engines no trouble is experienced, because tim¬ 
ing marks are nearly always indicated on the engine fly-wheel and these 
register with an indicating trammel on the crankcase. To time un airplane 
engine accurately which ha.s no fly-wheel as is necessary to test for a 
suspected camshaft defect, a timing disc of aluminum is attached to the 
crankshaft which has the timing marks indicated thereon. If the disc is 
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made ten or twelve inches in diameter, it may be divided into degrees with¬ 
out difficulty and sulUcient interval will exist between graduations to read 
the angular movement accurately. 

Valve timing markings depend entirely upon the design of the motor 
to be timed. If a <lisc is gr^duaicd in degrees it may be used to time any 
motor though discs may be marked in such a way that they can be used 
only with certain engines for which they were designed. As an example 
of how timing varies, the following tabulation shows that of two represen* 
tative water-cooled Vcc engines and two air-coolcd radial engines. 



Pig. 303.^Tiining Diagnm of TyjHcal Eight* Cylinder **Vee** Engine. 


Magneto timing of Curtiss D12 is 32 degrees advance for left magneto 
and 36 degrees advance for right magneto. Magneto full advance on Pack* 
ard 2A 2.500 is 44 degrees ahead of T. C. for 5.5 to I compression ratio and 
50 degrees for 5 to 1 compression ratio. The Wasp magneto is timed 30 
degrees advanced, the Wright J5 is also timed 30 degrees advanced. 

How an Engine is Timed.—In timing a motor from the marks on the 
timing disc rim it is necessary to regulate the valves of but one cylinder ai 
a time. Assuming that the disc is revolving in the direction of engine 
rotation, and that we are timing a simple four-cylinder in-line motor 
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having the firing order of the cylinders U3-4-2, the operation of timing 
would be carried on as follows: The crankshaft would be revolved until 
the line marked “Exhaust opens 1 and 4“ registered with the trammel 
point or index mark on the motor bed. At this point the exhaust valve of 
either cylinder No. 1 or No. 4 should begin to open. This can be easily 
determined by noting which of these cylinders holds the compressed charge 
ready for ignition. Assuming that the spark has occurred in cylinder No, 
1, then when the timing disc is turne<! from the position to that in which 
the line marked “Exhaust opens 1 and 4“ coincides with trammel point, the 
valve plunger under the cxhaust-vnlvc rf>cker of cylinder No. 1 should 
he adjusted in such a way that there is clearance l)etwceu the rocker 
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and the valve stem. Further movement of the disc in the same direction 
should produce opening of the exhaust valve. The disc is turned about 
225 degrees, or a little less than three-quarters (»f a revolution; then the 
line marked “Exhaust closes I and 4** will register with the trammel 
point. At this period the valve-rocker and the valvc-stcm should separate 
and a certain amount of clearance obtain between them as indicated in 
the instructions of the engine builder. The next cylinder to time would 
be No. 3. The crankshaft is related until mark “F.xhaiist opens 2 and 3“ 
comes in line with the trammel. At this ptiiiU the exhaust valve of cylinder 
No. 3 should be just alK>ut opening. The closing is deicnntnod by rotating 
the shaft until the line “Exhaust closes 2 and 3“ comes under the trammel. 
This operation is carried on with all the cylinders, it being well to remember 
that but one cylinder is working at a time and that a half-revolution of the 
timing disc corresponds to a full working stroke of all the cylinders, and that 
while one is exhausting the others are respectively taking in a new charge, 
compressing and exploding. For instance, if cylinder No. 1 has just com¬ 
pleted its power-stroke, the piston in cylinder No. 3 has reached the point 
where the gas may l>c ignited to advantage. The pisum of cylinder No. 4, 
which is third to fire, is at the l)oltom of its stroke, and will have inspired 
a charge, while cylinder No. 2, which is the last to fire, will have just finished 
expelling a charge of burned gas, and will be starting the intake stroke. 
This timing relates to a four-cylinder engine in order to .simplify the ex¬ 
planation. The timing insiniclions given apply only to the conventional 
motor types. 

Timing Gnome Roury Engines.—Rotary cylinder engines, especially 
the Gnome “monosoupape/* have a distinctive valve timing on account of 
the peculiarities of design. In the <lesig« of the early (inomc motor, a 
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cycle of operations somewhat different from that employed in the ordinary 
four-cycle engine is made use of. This cycle docs away with the need for 
the usual inlet valve and makes the engine <»perable with only a single 
valve, hence the name inonosoul*af>c, or ''single-valve.** The cycle is as 
follows: A charge being cmtipresswl in the outer end of the cylinder or 
combustion-chaml>cr, it is ignited hy a spark prcKluccd by the sparkplug 
located in the side of this chamber, and the fmrning charge expands as the 
piston moves down in the cy1in<ler while the latter revolves around the 
crankshaft. When the piston is al>out half-way down on the power stroke, 
the exhaust valve, which is located in the renter of the cylinder-head, is 
mechanically opened, and during the folloNving upstroke <d the piston the 
burnt gases are cxi>elled from the cylinder throiigli the exhaust valve 
directly Into the atmosphere. 



Fiff. SD4.—Timing Diagram Showing Uouciaal Valve Tbamg of Gnome '*Monoeoupapa" 

Rociry Motor, now an Obsolete Design. 

Instead of closing at the end of the exhaust stroke, or a few degrees 
thereafter, the exhaust valve is held open for alx>ut twn-ihirds of the 
following inlet stroke <»f the piston, with the result that fresh air is drawn 
through the exhaust valve into the cylinder. When the cylinder is still 
65 degrees from the end of the inlet half-revolution, the exhaust valve 
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closes. As no more air can get into the cylinder, and as the piston con¬ 
tinues to move inwardly, it is obvious that a parti^al vacuum is formed. 

When the cylinder approaches within twenty degrees of the end of the 
inlet half-revolution a series of small inlet |H»rts all around the circumfer¬ 
ence of the cylinder wall is uncovered by the top edge of the juston, whereby 
the conilnistion-chaniber is placed in coinnnmication with the crank cham- 
l>er. As the pressure in the crank chamber is substantially atmospheric 
and that in the comlnistion-chanibcr is lielow atnir»s|>hcric, there results 
a suction effect which causc.s the air from the crank chamber to flow into 
the combustion-chamber. The air in the crank ch.iml>er is heavily charged 
with gasoline vapt>r, which is due to the fact that a spray nozzle connected 
with the gasoline .supjily lank is l(K*ule<l inside the chamber. The propor- 
lion of gasoline va)Hir in the air in (he crank chamber is several times as 
great as hi the ordinary comlni.stiblc mixture drawn fn»ui a carburetor into 
(lie cylinder. This extra-rich ini.xtnre is diluted in the combustion-chamber 
with the air which enUTed it through the exhaust valve during the first 
part of the inlet stroke, ilins forming a nuxliirc of the jiropcr proportion 
for complete combustion. 

The inlet ]>orlR in the cylinder wall remain open until twenty degrees 
of the c<unpression half-rcvolutbm has been completed, and fnnn that 
moment to near the end of the compression .stroke the gases arc com¬ 
pressed in the cylimkT. Near the end of the stroke ignition takes place 
and this ciimpletcs the cycle. 'I'hc e.xact liming of the different phases 
of the cycle is shown in the diagram at Fig. 304. It will lie seen that 
ignition occurs substantially twenty degrees ahead <»f the tutter dead center, 
aii<l exjiansioti of the burning gase.s contiiuies until K5 degrees jiast the 
outer dead center, when the ]>i.sioti is a little ]>ast half-stroke. Then the 
e.xhaust valve 4»pens ami remains open for somewhat more than a complete 
revolution of the cylinders. t»r, (o be exact, for 3% degrees of cylinder 
travel, until 115 degrees past the top dead center <m the second revolution, 
riicn for 4.S <legrccs of travel the charge within the cylinder is expanded, 
uhcrenjjon the inlet ports are unci>vert‘<l and remain c»pen for 40 degrees 
of cylinder travel, twenty <!cgrce5 on each side of the inward dead center 
position. The reader should bear in mind that this unconventional timing 
is a result of the design and that the Gnome engine is nut used on modern 
airplanes because of its high fuel and tjil ctm.sumptron. 

Finishing Cylinder Bores.—A tmd for fmi.shingcylinder ls>rcs which ha.s 
liccn adapted frtmi the service into the pr^Klnclion field and which has 
achieved a con.siderable degree of popularity in thi.s latter field in a short 
lime, is the Hutto grinder, manufacturcil by the Hutto 3‘"nginecring Co., 
Detroit, Mich., recently described and illustrated in Aulouiotivc Industries 
magazine. In the production field this tool was pioneered by the Continen¬ 
tal Motors Corp.. and it has since l»ecu adopted by such C4»mpanics as Hupp, 
Hu cl son-Essex. Buick, Cadillac, Chrysler. Chevrolet and Franklin in this 
cemntry and Daimler in F.ngland. It is also used by aircraft engine builders. 

In the service field the Hutto grinder was introduced as a three-stone 
tool for use with a jiortablc drill, but following the earlier experiments in 
production work it has been developed into a six-stoiic tool, which latter 
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305.~Hutto Cylinder Grinder and Friction Type Drivinff Mead Shom at A. 
The Ploatini: Driving Bar which Bncloeea a Square Adjusting Shaft and Drivlaff the 

Grinder Head Is Shown in Sectional View at B. 

forms the subject of the following description. This improved tool is 
widely used also in the service iield. 

As shown in Fig. 305 B, six stones A are mounted on a liberally pro- 
portioned, hardened steel body B. For the usual operations on the cylin¬ 
ders of small engines, these abrasive stones are foux inches long and 
inch wide. Each stone is mounted in a pressed steel carrier C, being se- 
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cured by die^sting white metal in the space between the stone and the 
sides of the pressed steel member. Two ^ound pins D, D are riveted into 
the pressed steel carrier C, and their opposite ends are hrst turned cone* 
shaped and then beveled off to the same angle as the interior adjusting 
cones E> E. After the pins have been riveted in place, this Iivveled surface 
is ground to the desired dimension from the stone mounting surface. 

Pilot holes for the carrier pins C are ground to dimension and accurate 
location after the body B of the grinder has been hardened. As the stones 
are formed with care as to thickness and parallelism of the inner and outer 
surfaces, the working rclationshiji of the cutting face (d the stone and the 
bevel bearing surfaces at the inner cnfls of the pins are established within 
close commercial limits. The assembly of pin.s and pressed steel carrier is 
made in a Axiurc which insures jjarallelisiu and accurate sjiaciug of the pins. 
As each stone is usseinblc<l. it provides Air a working wear of onc*cighth 
inch. Regardless of the siac of the in whieli the grinder is to function, 
the cutting face of ihc stone has n radius of inches, when viewed from 
the end. This round form has snpplanicd the original flat face as the flat 
stones showed some tendency to chatter due to the.high pressures devel¬ 
oped at the corners. As ilhi.strated. the .stones are at alt times drawn to* 
ward the center by the endless coiled springs F, 1\ which are hooked over 
the ends of all the pressed steel carriers. 

The outstanding feature of this grinder head is the positive adjustment 
of the abrasive stones. The stones arc a<lvanced with no intermediate 
spring action which might lend to introduce l>vll mouthing at the end of the 
Ixirc. As shown in the cross section, the lieveleU inner ends of the carrier 
pins D, D. bear on r>]>{>ose<l cones E. K. Neither of these cones is Axed in 
the IxHiy of the grinder. A shank G of one-<tnarter inch diameter passes 
through the upjier cone and is threaded into the lower one. with a collar H 
nt the back of the upper cone. This arrangement is similar to the double 
cone piston turning clutch which is used very largely in the industry. 
The lower cone is restrained from rotation in the liody by means of two 
inns which engage in a .slot as shown at the lower left. With this arrange* 
ment a barrel type coil spring I separates the cones to the extent allowed 
by the screw adjustment descril>ed in the previous paragraph, but both 
cones float and are |M>sitifm<Hl by (he rear (ion pressure developed at the 
c.-irrier pins. The originator of ibis grinder regards this floating cone 
arrangement as the foundation of its success, as it allows for equalization 
of pressure and position of the abrasive stones ami even corrects for differ* 
ences in hardne.ss at the api>ositc ends of the stones. In keeping with the 
character of the unit, the adjusting cones are hardened and ground. In 
the usual production arrangement, the adjusting cones, or, rather, the 
shank or spindle on which (hey are mountcil, is controlled hy a square 
shaft J which passes up through the floating bar K which drives the grinder. 
The lower end of this square shaft J fils freely into a square socket in the 
collared head at the upper end of the adjusting spindle. The upper end of 
this square control shaft is fitted into one of the several adjusting means 
which are provide<r on the various forms of drivers. 
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In operation, the adjusting cones are spread apart both before and after 
each operation. In other words, the grinder is introduced into the cylindo 
barrel Mart being set to a cutting position, and is contracted bcfon 
being removed from the cylinder at the end of the grinding operation. In 
the usual practice, the cylinder block is set on a reciprocating table. whiU 
the grinder heads rotate in one plane. During the loading and unloading* 
period the grinder heads are contracted and raised into pilot sleeves which 
are practically concentric with the cylinder Ixires, and the heads are re 
turned to the working position within the cylinder lM>res before actual 
operation is started again. Experience has demonstrated that the stones 
should over-run the ends of the Ixircs by thrccKpiarlcrs to one inch :unl 
should completely over-run the middle \Htini oi the bore. That is the outer 
end of each stone .shmibl cross the horizontal center of the luire on each 
stroke. This point is highly essential to the pnuinclion of straight Ih^fc'^ 
of uniform size, and can lie attained by varying cither the length t*f .slroki* 
of the recijirocaling table or the length of the grinder stones. However, 
in ]>ractically all cases involving engines <»f ordinary .size, stones of bnii 
inch length will meet the situation. 

Best Speed of Rotation of Grinder Head.—For the cylinder uf ordinary 
size, best results arc obtained with alniut 350 r.p.m. of the grinder heniK 
and 75 reciprocalii»n strokes per minute. It is slated that with these speeds 
a finish superior to that of the present will l)c obtained and the abrasive 
stones will wear alniiit three times .i.s long, with almost complete cliniina- 
tion of glazing. With .ibrasivc st>»neK of the correct grain aiul grit f<jr iron 
of a given hardness, gbazing can l»c charge<l to tlic >b*\v .sijccmI of operation 
This is a condition much like that of chip clearance. When the speed 
too low the abraded material piles U]) on the stone instead of being cut 
free. Another good result of these spee<ls of rot at km and reci])r<»cation is 
a grinder pattern in which the interseeting lines cross at almost right angles 
in a diamond-shaped arrungeincnt. The diagonals of these diamonds are in 
the vertical ami horizontal planes anti the vertical angles arc slightly 
smaller than tlio horizontal. 

In this connection the manufacturer slate.s that the grinder marks 
should he discernihle but not prominent, to insure ibe host ctnnmercial 
finish know'n as a satin finish. Keceiilly one of the \vcll-km)wn comjianies 
had a lot of twenty cylinders put through with a mirror finish which can be 
produced with practically the same case as the commercial finish. In ahonl 
two weeks* time, this production department called back and cancellcil 
any further mirror finish, as it was almost impossible to gel the ring.s lo 
wear in to a seal. The commercial or satin finish has been found to be <‘tu' 
of the happy compromises which are so frequent in automotive production. 
At the end of the ninning-in period, the cylinder shows no wear but a goo<l 
finish, with rings properly sealed. 

Kerosene is the lubricant or coolant used, and should be supplied in 
liberal volume. Several qualities of a1)rasivc stones are carried in stock 
constantly, and the ch<ncc for the best results is governed by the hardness 
of the cylinder iron, the amount of stock to be removed, the character of 
finish desired and the speed of the o]>eration as regards reciprocation and 
rotation. As a general rule, the hardness of the stones is inversely proper- 
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llonal to the hardness of the cylinder iron. The usual finish allowance 
rang:es from ,001 inch to .0015 inch for one grinding operation which is 
being performed in many plants in lcs.s than one minute, floor t<i floor time. 
Hupp utilizes a scmi-finishinggriiuling o|>crati<ni with rather cfiarsc stones, 
starting with a finish allowance of .00,^ inch and allowing a maximum of 
.0005 inch fur the final satin finishing operation. 
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Advantages of and Lappmg Cylinder Bores.~The comparative 

advantages of grinding, reaming, honing and lapping cylinder bores i,. 
producing the most desirable finish resulted in an instructive meetiri' 
replete with keen discussion at a session of the Detroit Section of the SA.F 

The Chrysler Corpijration, said C. A. Bolus, decided, after a period oi 
experimentation, that lapping would produce at lower cost a better finish 
than had been obtained by grinding, and would have the additional advan 
tage of avoiding the necessity for keeping skilled (>t>crators on the finishing* 
operation. For a lime, grinding of the cylinder-blocks of certain engine 
was continued but. a few months later, the practice of lapping was fulK 
adopted. Cylinders arc lapped in two operations, roughing and rmishinj;, 
he said, the typo of lap being the same except for the length and shape of 
the stones on the cutting surfaces. Roughing stones have a concave sur- 
face, finishing stones, convex. The finality of the latter is also finer. Thi' 
amount of material removed depends on the condition of the reamed stir- 
face and varies from O.OOOS to 0.0015 inch. The surface must be smooth, 
within close limits as to out-of-roiindness, and without taper. Experience 
has proved, continued Mr. Bolus, that engines w'iih lapi>ed cylimicrs leave 
the running-in stands with the l»f>rcs in a very satisfactory cemditiem, As 
the investment in lapping e<|uipmcnt is only a fraction of that requiretl for 
grinding and the saving in direct lalxir cost is so great, he helieved that the 
changes in the methods of machining that were elTceled constitute one of 
the outstanding contributions toward economy in pr<Hluction. 

The Wilson Foundry & Machine Co., said F. N. Thiefels, has been lap¬ 
ping cylinder l)orcs continually since and still employs the original 
method. Not so much attention i.s paid to the lapping process as to the 
preparation of the bores l>cfore lapping. Lapping then becomes merely 
smoothing, during which at>proxiniately 0.fl0f>5 inch is removed and for 
which from fifteen to twenty seconds is required. Bores that excoed 0.0005 
inch in out-of-rtuindness or 0.0005 inch in ta))rr arc salvaged on a single¬ 
spindle vertical drilling^machinc in which lap is used that expands equally 
on ail hones and removes a certain j^ercentage of taper <jr out-of-roundness. 
After experimenting with various other types of lap and hone, Mr. Thiefels 
believed that the cost of lapping would l>e greatly increased with their 
adoption and that the accuracy of the l>onng operation would be decreased. 
A lapping machine of the company's own <lesign is employetl, one of the 
features of which is the use of a heart-shaped or constant-si>ecd cam for the 
stroke of the head that carries the laps. It is said to be superior to a crank 
motion, for it eliminates the dwell at the end of the stroke that has a 
tendency to bclbmnuih the bores. Approximately 250 cylinder-blocks can 
be lapped on each set of hones at a cost, including labor, of five cents per 
block. Knight engine sleeves require from 30 to 45 seconds to lap. depend¬ 
ing on the amount of stock to be removed. From O.OOOS to 0.0010 inch is 
allowed. The cost of lapping is approximately cents per sleeve or a 
combined engine cost of fifteen cents fur twelve sleeves. 

A. H, Fors, of the Continental Motors CoriKiralion, explained in detail 
the disadvantages that had l>een found wdth grinding and traced the steps 
that led to the adoption of the melhml of lapping at present in u.se. lu 
finishing the cylinder-blocks, two lM>ring and one reaming operation bring 
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iKe bore to within from 0.015 to 0.018 inch of the final size. The size- 
I earning operation is performed on a single-spindle machine so that all the 
holes in the same l)!ock will he of uniform size. Important points in ob¬ 
taining a correctly reamed bore arc the grinding of the reamer and its 
tmrcincss. Blades of 77-82 scleroscopc-hardness are used. For the final 
finishing or lapping 0.0015 inch is left. 

Lapping is performed on a singlc-.s]>in<IIc machine having a speed of 
400 r.p.m. and a hand feed, although machine feed is considered preferable 
;ind probably will soon Ijc substituted, lu the last two years, several 
varieties of lap have been tried, Imt that now in use is made by the Hutto 
Company and is of the six-sUme ty|)c onilH>dying a diniblc ihrec-point- 
ronlact support for the stone that makes the grinding element self-aligning 
as well as sclf-ccntering. Tliesc features arc due to the fact that the two 
adjusting-cones and stone-holder pins that rest upon them have a limited 
freedom in which to 11 oat until the cut ling-surfaces of the stones arc all 
parallel. This floating of the adju.sting-incchanism also compensates for 
any unevenness of wear of the stones Wcansc of lack of uniformity in 
their composition. A six-cylinder Mwk can l>c reamed in 5.6 minutes and 
lapped in 0.0 minnlcs. a total of 14.C minutes. Grinding a cylinder-block 
of the same size rcqnirctl 54 miinttcs. Mr. For.s IkjHcvcs that lapping pro¬ 
duces a better and more accurate cylinder l>(»re timn docs grinding, and that 
the labor cost is less. 

H. C. Miller, of the Oakland Motor Car Co., stated that the difficulty 
liis firm had cnc<mntcrcd luxansc of the K'H-mouthing of the bore at the 
top had been overcome by placing a .scrap bhKk nlKwe the cylinder being 
honed; this prevents the hones fnnii flying <ui(. Another difficulty, caused 
by the laj)s’ wearing and ibe slots’ l>ccoming larger, and the consequent 
backing-up of the stones «igainst one side, was turned into an advantage. 
The stones are turned roinul as soon as tliey get half-way to a full round 
surface and a narrow cutting-edge is produced. 

QUESTIONS TOK KF.VIEW 

I. Why is it necessary to provide adequate OHdinir the cxliaust valves of air- 
ciKilcd engines? 

2. Describe methods of valve celling. 

3. What sails are used for filling valve stems? 

4. Wliat iimUTials arc used for valve Rtcni guides^ 

5. What material is iisihI fur valve scat iii.M.Tts in aluminum alloy heads and why? 

6. In liming, why is exhausi valve given a lead? 

7. What is lag in timing ami why is it allowed? 

8. What is the time of ignition? 

9. Why was Gnome monosoupain* motor timing different than the usual method? 

10. Describe honing method of finishing cylinder bores. 
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AIRCRAFT ENGINE PISTONS, RINGS AND CONNECTING RODS 

Con»truction of Pistons—Wrist Pin Retention Methods—Aluminum Alloy Pistons— 
Modern Pietons Well Developed—Some Probleme in Piston Desipb^Msenesium 
Pistons—Aluminum Alloy Piston Forms—Smooth Finish Importsnt—Csuscs of 
Piston SUi^Excesflve Oil Consumption—Aluminum Pistons Run Cooler—Ad- 
vintsfes of High Hest Conduetivity—Split Skirt Pistons—Strut Tsrpe ^ston— 
taking Wristpin in Alloy Pistons—Slipper Type Pistons—Slipper Pistons In* 
crease Efficiency-Fsetort Affecting Clearance—Cylinder Bore and Piston Piniih 
Important—Effect of Piniahing: Piston^^Dycer*Austin Alloy Piston—Durator 
Iron Piston—Piston Ring Construction—Concentric vs. Eccentric Rings— Gray 
Iron Best for Rings—Rings Msde from IndividusI Csstings—Reason for Peening 
Ring Interior—Piston Ring Width—Light Test for Piston Rings—Piston Ring 
Joints—Oil Rings—Quick Seating Rings—Machining Ring Grooves—Leakproof 
Piston Rings—Compound snd Unusual Piston Ring^^Keeping OU Out of Com* 
Ration Chamber—Connecting Rod Forms—Connecting Rod Sections—Connect¬ 
ing Rods for Vee Engines—Rods for W and X Engines—Rods for Radial 
Cylinder Sngine^^Ball and Roller Bearing Rods—Roller Separators Important- 
Method of Using Standard Bearings—Split Connecting Rod Big Ends. 

The plstmi is emc of the must inijiortnnl pnris uf the i;as<>linc motor in¬ 
asmuch as it is the rccIprociitiiiK niciiilicr that receives tltc impact of the 
explosion ati<l which transforms the iHiwer olitaitioil ]>y the conil)ustion of 
Ifas to niechnnkal motion hy means of the cmmceliiifi: nn! In which it iji 
attached. The piston is one of the simplest elements of the motor, and it 
is one component which d(K:s not vary much in (orni in dlfTercnt types of 
motors. The piston is a cylindrical nienihcr provided with a .scries of 
grooves in whicli packing rings arc placv«i on the onl.sidc and two bosses 
which serve to hold the \vristj>in in its interior. It is usually made of cast 
iron or aluniinum. though in some motors it may he made of .steel combined 
with aluniinum, the former material being nsisl at the skirt and the pistnn 
l>eing a coinjiosilc type, having an aluminnm head. The nsc of the more 
resisting malcrial cnaliles the engineer to use lighter sections where it is 
important that the weight of (his incinlicr he kept as low as jwssthle con* 
sfstent with strength. 

Construction of Pistons.— A number of antonmtivc engine piston types 
are shown at Fig. 30(). That at A has a romid top and is provided with 
four split packing rings and Wvo oil gr«K»vcs. A piston of this type is gener¬ 
ally employed in m<Uors where the combustion-chamber is large and where 
it is desired to obtain a higher degree of compression than would be pos¬ 
sible with a flat top pisum. This construction is also stronger because of 
the arched piston t»>p. The most common form of cast-iron piston is that 
shown at D, and it dilTer.s from that prcviou:«ly described only in that U 
has a flat top. The pi.ston outlined in section at C is a type used on some 
of the sleeve-valve innb»rsof the Knight pallern, also some aviation cngint*>* 
and has a concave bca<l instead of the convex form shown at A. The de¬ 
sign shown at D in side and plan vicw.s is the conventional form employed 
in two-cycle engines. The deflector plate on the top of the cylinder is 
cast integral and is utilized to prevent the incoming fresh gases from flovv 
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ing directly over the piston top and otit of the exhaust port, which ts usually 
opposite the inlet opening. On the types of two<yclc engines where a two* 
iliameter cylinder U employt'd, the piston .shown at K is used. This is 
known as a 'MifTerential piston.*' and has an enlarged portion at its lower 
Olid which fits the pumping cylinder. 1'hc usual form of deflector plate is 
*<ivided at the top of the piston and one may consider it as two pistons 
in one. 



¥Hm 


?\g. 306.-~Fonnft of Pistons Generally Employed in Gasoline Engines. A—Dome 
Head Piston ind Three Packing Rings. B—Plat Top Form Almost Universally 
Used. C^Concave Piston Utilized in Knight Motors and Some Having Overhead 
Valves. D^Two Cycle Engine Piston with Deflector Plate Cast Integrally. Differ¬ 
ential or Two Diameter Step Pistons Used in Some Engines Operated on Two-Cycle 

Principle. 


Wristpiii Retention.—One of the imix>rlant conditions in automotive 
engine piston design is the method of securing the wristpin which is used 
in connect the piston to the u|>|>er end of the connecting rotl. Various 
methods have been devised to keep the pin in place, the most common of 
these that have received application iti automobile and aviation engines 
being shown at Fig. 307. The wn.stpin should be retained by some positive 
means which is n<»t lial)lc to become I(hjsc under the vibratory stresses 
which obtain at this point and in aviation engines, the locking member 
should he light in weight. If the wrist pin was free to move it would work 
out of the bosses enough so that the end would bear against the cylinder 
wall. As It is usually made oi hardened alloy steel, which is a harder 
material than cast iron or sled used in cylinder construction, the rubbing 
action would tend to cut a groove in the cylimlcr wall which would make 
for loss of power because it would permit cscai>e of gas, Tlie wristpin 
member is a simple cylindrical eleinciU that fils the bosses closely, and it 
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IS nearly always hollow stock. A typical piston and connecting rod assem* 
l)ly of early desi^ suitable for conventional four- and six-cylinder-in-lim 
motors, which shows a piston in section, also is presented at Fig. 308. The 
piston of the early Sturtevant aeronautical motor is shown at Fig. 309, the 
aluminum piston of the early Thomas airplane motor with piston rings in 
place is shown at Fig. 310. Note the use of wide piston rings following the 
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then current automobile practice. Modem engines have narrow rings 
rather than wide ones. A good view of the wristpiii and connecting rod 
are also given. The semisteel piston of the Gnome ''Monosoupape*’ airplane 
engine and the unconventional connecting rod assembly are clearly de- 
picted at Fig. 311. 

The method of retention shown at A is the simplest and consists of a 
set screw having a projecting jwrtion passing into the wristpin and holding 
it in place. The screw is kept from turning or loosening by means of a 
check nut. The method outlined at B is similar to that shown at A, except 
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Fig. 3M.~T7fncal Automotive Engine Piston and Connecting Rod Asaembly. 


that the wristpin is solid and the point of the set screw engages an annular 
groove turned in the pin for its reception. A very positive method is shown 
at C. Here the retention screws pass into the wristpin and are then locked 
by a piece of steel wire which passes through suitable holes in the ends. 
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The method outlined at D is sometimes employed, and it varies from thai 
shown at C only in that the locking wire, which is made of spring steel, 
is passed through the heads of the locking sc rews. Some designers of earl\ 
engines machined a large groove around the piston at such a point that after 
the wristpin was put in )>lace a large packing ring was sprung in the groove 
and utilized to hold the wristpin in place. This method would nut he suit¬ 
able on modern high-speed engines. 
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Pig. 309.^Partc of Early Sturt«vaot Aviation Engine. A^Cylinder Head. Showing 

Valves. B^^onnectlng Rod. C^Piaton and Rings. 

The system shown at F is not so widely used as the simpler methods, 
because it is more costly and does mt offer any greater security when the 
parts are new than the simple h»ck shown at A. In this a hollow wristpin 
is used, having a tapered thread cut at each end. The wristpin is slotted 
at three or four points, for a distance equal to the length of the boss, and 





WRISTPIN RETENTION 


693 


when taper expansion plugs are screwed in place the ends of the wristpin 
are expanded against the bosses. This method has the advantage of pro¬ 
viding a certain degree of adjustment if the wristpin shuitld loosen up after 
jt has been in use for some time. The taper plugs would he screwed in 
deeper and the ends of the wristpin expanded proportionately to take up 
the lost motion. Its greater weight than tlie simpler system would he a 
great disadvantage in air])lane engines. It is shown merely as a matter 
iif general interest. The method shown at G is an ingenious one. One of 
the piston bosses is provided with a projection which is drilled out to rc- 
reive a plunger, The wristpin is provided with a hole of sufficient size to 



Fig. 310.«Aluminum Piston and Forged Steel Connecting Rod of Early Aviation 
Engine. Note the Use of Wide Piston Rings at that Time. 

receive the jilunger, which is kept in place hy means of a spring in back 
nf it. This makes a very positive lock and one that can he ea.sily loosened 
when it i.s desired to remove the wristpin. To unlock, a piece of fine rod 
IS thrust into the hole at the bottom of the boss which pushes the plunger 
hack against the spring until the wristpin can be jiushed out of the piston. 

Many engineers think it ailvfsable to oscillate the wrist])in in the piston 
bosses, instead of in the coiincctiiig ro<i small end while others have the 
wristpin free to move in both the piston and connecting rod end bosses to 
form a '’floating*' construction which is said to more evenly di.stributc the 
wear on the pin surface. It is argued that this construction gives more 
hearing surface at the wrust|>iii and also provides for more strength because 
of the longer bosses that can be used. When the clamp .system is followed the 
piston pin may be held in place by locking it to the connecting rod by some 
means. At H the simplest metiuid t.s outlined. This consisted of driving a 
taper pin through both rod and wristpin and then preventing it from back* 
ing out by putting a split cotter through the small end of the tapered 
locking pin. This has the disadvantage of greatly weakening the wristpin. 
A better construction is to drive the taper pin through a groove cut into 
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the top of the wristpin only as the gyoove does not detract from th« 
8treng:th as much as the hole would. Another method, which is depicted at 
I, consists of clamping the wristpin by means of a suitable bolt which brinj*' 
the slit connecting nnl end together as shown. This is sometimes used ii 
modern practice where it is considered desirable to lock the wristpin to tin 
connecting rod. 

Aluminum Alloy Pi8ton8.-~A1uminum pistons outlined at Fig. 312, havi 
replaced cast-iron memljers in mo.st airplane engines, as these weigh abom 
one-third as much as the cast-if<»ii forms of the same .size, while the reduc ¬ 
tion in the inertia forces has made it possible to increase the engine speed 



Fif. 311.--The Cast Iron Piiton of an Early Gnome *'Monoaoupape*’ Engine, Installed 

on One of the Short or Link Rodi. 

without correspondingly si rising the connei'ting rods, crankshaft and en¬ 
gine hearings. Aluminum has not only been use<l for pistons, but a num¬ 
ber of motors arc built that use aluminum cylinder block ca.stings as well 
as previously described. Of course, the aluminum alloy is too soft to be 
used as a bearing for the piston, and it will not withstand the hammeriiif; 
action of the valve. This makes the use of cast-iron or sled sleeves impera¬ 
tive in all aluminum block motors. When used in connection with an alum¬ 
inum cylinder block the cast-iron pieces arc sometimes placed in the mould 
so that they act as cylinder liners and valve seats, and the molten metal is 
poured around them when the cylinder is cast. It was said that this con¬ 
struction results in an intimate 1>ond between the cast iron and the sur¬ 
rounding aluminum metal but experience has shown that this is not always 
true. Steel liners may also be pressed into the aluminum cylinders after 
these are bored out to receive them or screwed into suitably threaded bores 
as in the Hispano-Suiza engines. Aluminum has for a number of years 
been used in many motor t^arts. Alloys have been developed and described 
that have greater .strength than cast iron and that are not so brittle. Its 
use for manifolds and engine crank and gear cases of all types has been 
general for a number of years. 

At first thought it would seem as though aluminum would be entirely 
unsuited for use in those jmrtions of intemM-combustion engines exposc<i 
to the heat of the explosion, on account of the low melting point of thai 
metal and its disadvantageous quality of suddenly "wilting'* when a critical 
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]>oint in the temperature is reached. Those who hesitated to use aluminum 
on account of this defect lost sight of the great heat conductivity of that 
metal, which is considerably more than that of cast iron. It was found in 
early experiments with aluminum pistons that this quality of quick radia¬ 
tion meant that aluminum pistons remained considerably cooler than cast 
iron ones in service, which was attested to by the reduced formation of 
carbon deposits thereon. The use of aluminum alloy makes possible a 
marked reduction in powerplant weight. A small four-cylinder engine 
which was not particularly heavy even with cast-iron cylinders was found 
to weigh 100 pounds less when the cylinder bIfKk, pistons, and upper half 
of the crankcase had been made of aliiminum instead of cast iron. Alumi- 



Invar Stri/t Design 
Controlled (Nelson patents) 
Double strut - solid skirt 



Inver Strut Design 
Corttrolled (Nelson patents) 
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Fig. 312.»Seme Typical Alloy Piatons Suited for Modern Automotive Engines. A— 
Double Invar Strut Design. B^Aircraft Trunk Type. C—Marine and Oil Engine 
Trunk Type. D^Single Strut, Slotted Skirt Design. B-^pUt Skirt Deaigm 

Ricardo Type. 

num water-jacket block motors arc no longer an experiment, as a consider¬ 
able number of these have been in use in airplanes. Absolutely no com- 
plainf has been made in any case of the aluminum motor and it was demon¬ 
strated, in addition to the .saving in weight, that the motors cost but little 
^ore to assemble and cooled much more efficiently than the cast-iron form. 
One of the drawbacks to the use of aluminum is its high price compared to 
iron for commercial use in large engines of automobiles and boats but this docs 
not apply to aircraft motors. 
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Modem Pistons Well Developed.—Pistons have received a considerahU 
amount of detail development work, but the general design has not under 
gone any great amount of change for a number of years. The most desir 
able characteristics in the piston are lightness, a low coefficient of expan 
sion, good wearing qualities and good heat conductivity in the larger sizes 
Lightness is attained by reducing the sections, if of cast iron, to a minimum 
In small sizes the minimum thickness is as low as inch, and represent* 
a fine example <»f the foundry art. Alinninum-alloy pistons are used siu 
cessfully in practically all aviation engines and in most automobile motorv 
and have the advantage in the matter of weight over cast-imn pistons, evrti 
though it is necessary to employ somewhat heavier sections. The fact thni 
aluminum is a better ctmdiictor of heat than cast iron works to advantage 
in largc-sizc cylinders, usjiccially for aircraft wtirk w)»ere. if cast-iron pb 
tons were used, the center of llic jnston head would attain excessively hijili 
temperatures which would cause preigiiiiiou. The fact that aluminum cx 
pands more than twice as much for a given increase of temperature as com¬ 
pared with cast irtm neccssitules the use of increased clearance between 
the piston and the cylinder wlien using aluminutii pistons. The result I*, 
that, when the engine is cidd. a cotisuicrablc amount of piston slap may he 
encountered with aliimiiunu pistons of the trunk type «an<l there are aKn 
greater chances for compression leaks and oil seepage when the engine is 
cold past the piston with this greater clearance. These factors cnntrihiilcd 
to make the trunk type aluminum pistcm not altogether satisfactory f(»r ]>as‘ 
sengcr-ear use hut imiiroveincnts an<l change of ((►rm has made it extremely 
satisfactory for aircraft engines. 

Owing to the gcwnl bearing qualities of aluminum it is customary tr> 
allow the ahiminnm to e<mic into direct contact with the piston-pin. winch 
is made a somewhat tight fit in the piston when cold, and the expansiem 
of the piston permits the pin to creep wlicn hot. The piston-pin is gciier- 
ally allowed also to work in the upper end of the connecting-rod, w'hich is 
fitted with a bronze bushing. Other types of piston have been made but 
have not achieve^! any particular success. These iticliidc tW4>-piecc pistons, 
comprising a steel head and a cast-iri>n skirt or an aluminum head and steel 
or cast-iron skirl and onc-jiiecc pisUms which are cut away to present bear¬ 
ing surface only on those areas where the thrust is distributed, or where 
it is necessary to support the rings. 

Pistons arc generally .supplied with three piston rings located in in¬ 
dividual gnHives w'hich are machined above the jiision bosses. Sometimes 
an additional ring, called a scratier ring, is locatc<l near the bottom of the 
skirt in automobile engines so that its lower edge slightly overtravels the 
cylinder bore. This lower ring is sometimes cflcctive in preventing an ex¬ 
cess of oil from reaching the combustion-chamber and has been used with 
aluminum pistons of the trunk type to overcome the over-oiling tendency 
with the greater clearance. The most satisfactory piston rings are of the 
concentric type, in which the w’all thickness is uniform all around the ring 
The varying degree of elasticity which is required in the ring in order that 
it should tend to expand in a circle and fill the cylinder bore is attained 1>> 
certain peening methods. The butting ends of the ring are generally fin 
ished to form a diagonal joint at 45 degrees. There has been much experr* 



SOME PROBLEMS IN PISTON DESIGN 


697 


mental work in the matter of specially designed piston rings which attempt 
form a more perfect seal than is afTorded by the lapped joint. The fact 
is that the percentage of leakage jwst the joint is such a small part of the 
whole that any improvement in this regard yields practical results too small 
(0 measure. On the other haml. ihe sinijile ruggetlncss of the plain ring, as 
contrasted with the complicated construction associale<l with the majority 
of si>ecial piston ring designs, has everything to recommend it for airplane 
vugine service. 



Fig. 312A.^Where Thermo>coupl«s Were Placed in Piston to Determine Operating 

Temperatures at Different Points. 


Some Problems in Piston Design.—Aviation engine piston design pre^ 
sents many major problems to the engine designer. High speed introduces 
iuertia problems, high pressure retjnircs strength, and the heat ci»n<litions 
call for thermal conductivity. The essential features in a successful piston 
may be listed as follows, without regard for their <»rdcr of importance, the 
Mimmary having l>ecn made by II. A. Huebotlcr, M.S.A.E., in the S, A, E. 
Journal: 

(1) Light weight, to minimire Inertia forces 

(2) High thermal conductivity and emissivity. to improve heat dissipa¬ 
tion : or refractory composition, to withstand high temperatures 

(3) Proper bearing fit in ibe cylinder at all operating teinpcralurcs 

(4) Strength adequate to withstand the maximum gas prcs.^urc in the 
cylinder 

(5) Effective sealing against the gas in the comhustion-cham1>er and 
against the lubricating oil in the crankcase 
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(6) Good bearing properties mth normal lubrication 

(7) Ease of fabrication 

(8) Resistance to corrosion in ordinary service. 

A glance at the above requirements suffices to show that a piston mii^ 
be the product of a number of compromises. A piston designed for 
speed alone will fail when applied to heavy service, as it has not enou^ic 
metal to conduct the absorbed heat nor to carry the high fluid-pressure* 
A piston that runs cool indeflnitely at full loads is too massive for high 
speed. The less important quality must always abdicate in favor of those 
which are imperative. 

Fortunately, a light alloy of altiminum provides material that combines 
low thermal-resistance and low weight. With a conductivity Syi times that 
of gray iron and a density 4() per cent as great, such an alloy olTcrs alluring 
possibilities to the piston designer, the more so when we consider that the 
conductivity of aluminum alloy improves as the piston becomes hotter, 
whereas the reverse is the case with gray iron. The automobile industry 
has consumed by far the greatest number of these practicable light-alloy 
pistons. However, other manufacturers of internal-combustion engines 
have t>laycd an aggressive part in applying aluminum-alloy pi.ston.s to their 
product. This development has taken place iu response to the same trend 
in large-engine design tliat has marked automobile engine growth since its 
infancy. When high crankshaft-sjiccds and high mcan-cfTectivc-pressures 
are adopted, the piston problem becomes acute and alloy pistons are drawn 
into service. 

Among the present consumers of aluminum-alloy pistons in heavy-duty 
service arc the motorboat and the ga.soline rail-car manufacturers as well 
as aviation engine man u fact urers. Popular engines for tlie.se .services de¬ 
velop from ISO to 250 brake horsepower, with cylinders of 6- to 7j^-inch 
bore. Such marine engines show 90 to 110 pounds per square inch brake 
m.c.p. at the peak of llicir torque curves. Considering the duration of 
service cxjiectcd of these engines between overhauls, the operating condi¬ 
tions are rather severe, as is the case in aviation engine.s where brake nienit 
elTective pressures may run as high as 1.50 pountls per square inch. 

Magnesium Pistons.—Magnesium has .some advantages over aluminum, 
of the same nature as those that aluminum has over cast iron, but not to 
the same degree. It has no advantage in thermal conductivity, but it ha^ 
a considerable advantage in .speoific gravity. A magnesium piston can be 
made from 30 to 40 per cent lighter than an aluminum piston. However, 
the process for reducing the metal is not nearly so old nor so highly per¬ 
fected as is that for aluminum, and the price is consequently much higher. 
The same is true of the art of casting. Nevertheless, the engineering world, 
always looking for the optimum results, recognizes the possibilities of mag¬ 
nesium as a piston material and there has already been one instance where 
the metal has been tried out on a fairly large commercial scale. Consider- 
ing that this was the firsii commercial installation, it gave a good account 
of itself, but it was discarded in favor of aluminum for much the same rea 
sons that caused the early aluminum-piston installations to be discarded, 
because the price is high and the designs and technique necessary for largi 
scale production are not yet thoroughly worked out. Magnesium is ap 
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)>arently more susceptible to corrosion by acids or alkalis than aluminum is 
so it is not as well suited for work in exposed positions or where chemical 
reactions may result. Its high cost and greater fragility also militates 
against its use but metallurgists are experimenting with alloys and the 
magnesium metal offers advantages that make it worthwhile when de¬ 
veloped in a practical manner. 





Fig. 312C.—Temperature Readings at Different Points on an Alloy Piaton of the 

Split Skirt Type. 

Operating Temperatures of Alloy Pistons.—In connection with an in¬ 
vestigation of the factors influencing preignilioii, a study of the operating 
temperatures of alum in urn-alloy pistons was recently undertaken in the 
dynamometer laboratory of the AC Sparkplug Company, Flint, Michigan, 
and described in Automotive Industries. 

In making the experiments it was desired to find t 

A. The maximum piston temperatures likely to be encountered in ac¬ 
tual service with the particular type of engine and piston used in the 
investigation. 

B. The effect of engine conditions upon these temperatures. 

C. The temperature distribution throughout the piston, as far as prac¬ 
ticable. 

Because of the multiplicity of points at which the temperature was to 
be measured, the use of thermocouples was decided upon. As a check 
upon the accuracy of this method, a series of alloys of known melting points 
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—Cylinder wall tcmpcrafnrep, ukowivg xnftv^ 
cnees of frictional heat and heat of combtisiion 

Pig. 312B.—Graphical Charts Showing Piaton Wall anil Cylinder Wall Tamperature^ 

Obtained b 7 Toita. 

were prepare<l. for use in a sec<nul piston at the most important position? 
The thermocouples ami incidental apparatus operated successfully at th<* 
comparatively liiffh .^pced of 2,200 A piston was fitted with elevc<‘ 

copper*constantan thermocouples in the positions shown in Fig. 312 A. 
No. 32 double coltoii-covercd wire was used. All couples were held in tlu’ 



ALUMINUM ALLOY PISTON FORMS 


701 


ptston by peening or by staking from an adjacent hole and were installed 
from the inside of the piston, Vis l)elow the outer surface, which was 
not disturbed by drilling through. Each thermocouple had a separate 
fold junction, a Leeds & Northrup potentiometer being used to measure the 
Thermal e.m.f. Special linkage permitted the attachment of the wires to the 
reciprocating piston and suitable conduits attached to and moving with the 
piston permitted temperature determinations to be made while the piston 
was in normal service in the cylinder. The temperature readings obtained 
by this means are clearly shown in accompanying charts at Figs. 312 U and 
312 C, which arc self explanatory. 



Pig. 313.«Sectional Viewi of Early Alloy batons Employed in Automotive Enginei. 
A—Simple Trunk Type. B^Trunk Type Relieved at Wriatpin Boas. C—Trunk Type 
with Drilled Heat Conducting Vertical Boaaei Extending from Head to Skirt. 


Aluminum Alloy Piston Forms.—There is such a wide difference of 
opinion concerning the fuiidamental theories that we may expect and do 
^nd a great difference in the design of pistons now usetl in internal- 
combustion engines according to R. G. Gunn. M.S.A.R., in a paper read 
before the S. A. E. and printed in the journal of the society. We find long 
pistons, short pistons, some with the pi.ston-pin near the top, some with 
the piston-pin near the bottom, thick heads with cooling ril)s and thin heads 
with no ribs. 

From a thermal standpoint aluminum pistons may be broadly divided 
into two classes: 

(1) Those designed with the object of conducting the heat away from 
the head into the skirt and thence into the cylinder walls 

(2) Those designed with the object of partly insulating the skirt from 
the heat of the piston head. 
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Those in the first class arc usually mure or less conventional*in dcsi^i 
except that they have thicker walls. i)r ribs extcncliuj' down from the hca* 
They are generally used for high-duty marine type engines. In these ct 
gincs, which are usually of a rather large bore and comparatively Utu 
speed, the weight of the piston is r.econdary to its ability to kec]) the hvu 
from overheating, an<i piston .slaps are not of iiiurh conserjiicnce. Theri 
fore, for heavy-duly engines prstons of the first type seem logical. A skeul, 
of some <ii the tyjws which cimie under the first gri>uii arc given in Kig. .113 
A. H and C. Thu form at A has a heavy rih extending from the pin i>os‘si 
to the head in the inleri<ir of the piston. That at II n.*-es an extremely thic! 
head. The form at <* has u series of hollow vertical bosses running (nmi 
the ])islon skirt to the head. 




Tig. 314.—Sectional Views of Various Piston Designs Intended to Prevent Excessive 
Heat Transfer. A—Piston with Longitudinal and Vertical Grooves. B—Composite 
Piston Using Alloy Head with Iron or Steel Skirt, C^Piston with Heat Insulating 

Material in the Head, an Experimental Construction. 

For iiasscnger-cnr engines the cf»ncliiiniis arc somewhat difTcrent. The 
<iuty is lighter and the bore tisitally smaller. This lessens the lendeiu*> 
toward excessive heal. Ouielness being imiiorlnnt, close-fitting pistons ari 
desirable. Neetl for gfH)d accelerating ability and snumthness in operation 
makes lightness desirable. These con.sidemtions have led tn much develof* 
ment w<»rk on pist«ms <»f the second type. The plan followetl in most ca^c'* 
is to partially insulate the skirt from the piston head hy a heat gap. thu- 
minimising the c.xpansion of the skirl <)ue to heat. Some of the ways of 
accomplishing this arc shown in Figs. 314 and 315. The methods showf 
at Fig. 314 are not widely msc<1 for various reasons. The piston at A not 
only has circumfcrcntiul hut vertical slots as heat breaks. That at B is a 
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• <)mposite constrnclion with an alloy head screwed to a casl-irnii nr steel 
^kirt. The form at C has a space in the head filled with insulating;: material 
liut its value is donhlful. 

Pistons of the Long and Francjuist type are split to alU>w tlie piston to 
^sjiring. They can for this reason l>e rtllcil more closely than the nu»rc con- 
\ enCional types. I'he Conventional tyj»e with the coniparatj\cly thin wall is 
probably the most )>opular am! h»r the smaller hores serves very well. It 
IS simpler and somewhat cheaper to make than other types and is shown at 
iMg. 315 A. In all the other ty^ws shtiwn there has been an attoiupL to in- 
vnlate the skirt from the hea<l. 'Phis allows the piston to he fitted more 
closely, thus ininimi/ing pinion slajis. 



Fig. 315.—Alloy Pistons Suited for High-Speed Engines. A—Design of Piston vnth 
Very Light Walls. B—The Zenith Type Piston. C—Strut Type Piston with Heat 

Break Slots. 

Four j)oitits are often hrcnight up as objeclhms to the n^e of alurninuni 
pistons. Thc-e olijVciums are I he same those encoiinteTe<l in the nse of 
cast-iron pist<ms. 

(1) Wear 

(2) Liston slaps 

(3) Kscessive «nl c«>n«niin»liini 

(4) Crankcase dilution. 

Smooth Finish Important.—Wear has been shown to lie largely a func- 
tion of original smoothness. It is unrcaMOtablc to expect long life when 
aluminum pistons are fitted to cyliii<lers of relatively hard material having 
a rough bore. Ahuninum bas been sht»wn t<* be a good bearing metal but 
it is relatively s(jft and it must run on a smooth surface, as in the case of 
babbitt metal. Much attention is paid to pilishing the journals of a erank- 
'^liaft, but wo often see cylinder liores, wliellier ground or reained, which 
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are so rough that they can be marked with a lead pencil, although they 
appear to be smooth. This is undoubtedly the cause oi a great deal r.i 
initial wear on aluminum pistons. When castnron pistons are fitted this 1 
not so apparent. Dust in the air also plays a very important part in wcai 
Automobile engines run on the dynamometer give much longer service thai: 
engines in cars which resulted in fitting air cleaners to all modern auUk* 
mobile engines but air cleaners are not necessary on aviation engines unle^- 
the airplane is used for student instruction and frequent landings and *'take 
offs” on a samly or dusty field are made. Under such circumstances they 
might prove advantageous. 

Causes of Piston Slap.—Piston slap.s can he nverc<nne hy using propn 
clearance. Pistons of the .second design tend to make this condition easier 
to meet. OfTsettiug the piston-pin also tends to reduce piston slap. With 
334~inch and smaller bores there should be no trouble due to sticking with 
pistons of the c<»nventioua1 design fitted closely enough to prevent slaps, 
provided the piston an<l cylimicr arc of proper design. There should be no 
local hot-spots, and care should be taken in the design to prevent a coiuH 
tion lending to warp the cylinder when hcatetl. Much tr<»u)dc was expert* 
enced with sticking aluminum pistons in a certain inserted-sleeve engine 
of about l)ore. The cylimler w’as in the f<»rm of a block aluminum 

casting, with inserted cast-inm sleeves. Clearances up to inch were 
tried, but still the pistons seized. The sleeves were removed and found to 
he machined .so that there was an air-gap of 0.005 inch ))elwcen tlic sleeve 
and the cylimler wall. The.se sleeves were replaced w ith others which fitted 
all the way d<»wii, and pisiinis with 0.007-inch clearance were then found 
to he satisfactory. This is jierhaps an exaggerated case, but shows the Iwul 
elTect of failure to carry the heat away from the cylinder bore rapidly. The 
top land of the pist<m mnaU of course, be given much more clearance thati 
any other part, The next land requires less, and the least clearance can he 
given to the bottom of the skirl. The tapering necessarily increases rapidly 
as the top of the ])iston is apj)roache<l. When the ])iston-pin is placed tnu 
near the rings, pisUm slaps are ni<»re frc<|uent, for the clearance in the zone 
near the piston-pin bosses must be sufficient to take care of extreme heat 
conditions so that under ordinary running conditions this pan of the pistuii 
has enough clearance to alh»w piston slap.s. When the pin is placed farther 
from the he.id the clearance can lie small enough to prevent .slaps. 

.Some trouble has also been encountered due to fitting pins tightly in 
the piston. When a pi.ston with a tight pin is heated, it expands and creeps 
out on the pin; when it contracts again, it hangs to the pin so that the 
piston has a greater diameter purnllel to the pin and a smaller diameter at 
right angles to it. This condition makes seizing easier and slaps more 
l^ronoiinced. This creeping can be demonstrated readily by applying 
a blow-torch fiame to the head of a piston fitted with a tight pin. 

Excessive Oil Consumption.—When too much oil is thrown into the 
cylinder bores, tight-fitting^ jiisions and special rings will not completely 
overcome the trou))le. A great many lc.sls have been run which show this 
conclusively, dcmon.strating that: 

(1) With no control on the oil being thrown into the cylinder, rings 
which seal the top and bottom edge of the groove reduced the oil 
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consumption 

(2) When the oil is properly controlled, the oil consumption is very low 
even with rings having an up-and-down clearance ot 0.004 inches 

(3) With the oil controlled and with hot water circulated through the 
* engine, the volume of liquid in the oil-pan increased, indicating dilu¬ 
tion with fuel which passed the piston and rings. This was inde¬ 
pendent of the kind of rings used. 

The engine under lest wns run with a device arrange<I to heal the mjxinre 
to a temperature of a1>out 160 degrees Fahrenheit. This was accomplished 
ill such a way that the inaximum amount of heat was a]>j>1ied when idling. 
The effect upon fuel va]Miriaalion W'us observed thnaigh a glass window 
and was clearly evidctit. 'Die result was to (liniliiish the ainouiit of fuel in 
ihe oil-pan wlien idling. «ind the vi>C(*sity was not seriously alTccted. Pe* 
fc»ru the inslallalhm of the heating device a hlack deposit was found on 
.sparkplugs taken from the cvHiulers c»f cars on rthid test c\cn when the 
nil consumption was very hm. After (he installation, the sparkjdngs re¬ 
mained cle.aii under all eouditioii.s. Ii has hecu cruninon practice for a num- 
her of years to put a ipiantily id kcroscue in the crankcase lul. wdicn run- 
ing-iii an engine to allow the hearing parts to sc.il more quickly. It is fair 
to ex|>ect that crankcase ililuiioii has tlie same ulfcct and tliat nu»re rapid 
wear follows; hence the need fcjr miiiimixing crankcase oil dilution with 
unburned fuel. 

Aluminum Pistons Run Much Cooler.—Comparative studies of piston- 
head temperdture.s with various types of piston and rings were made under 
Mr. Grimes’ direction when he was connected with the Franklin Automobile 
Company. The rc.Mills of these are shown in the curves of Fig. 316. Note 
that the cast-iron piston runs 150 degrees hotter than the aluminum type. 
It is also interesting tu note that pistons fitted with siuocjlli-faccd rings run 
cooler than those using rough-faced rings. Mr. Grimes attributed this to 
the greater friction of the Utter type. The readers’ attention is directed 

the greatly increased cast-inm piston head temperature over that of the 
aluminum type. 

A paper on Heat Flow in Internal-Coinlm.stion Engine Pistons was pre¬ 
sented at a monthly meeting of the Indiana Secthm of the S. A. E, by Prof. 
G. A. Young, head of the Schrsil of Mechanical Engineering, and H. A. 
UueboUer. rc.search as.sociate of the Engineering E?<pcriment Station of 
Purdue University. In this paper the heat flow in pistons is analyzed 
mathematically and the results thus arrived at arc combined w-ith the re¬ 
sults of experiment. The following conclusions arc arrived at: 

1. The temperature in the piston head depends more u|>an the quantity 
of metal present than upon its distribution. A unifcirm section, however, 
has an advantage over both a tapered and a p.nraholic section. 

2. The tapered barrel section is sui>crior to the uniform section in its 
ability to disperse heat with minimum weight. 

3. The ring belt disperses between UO and 85 per cent of the total heat 
absorbed by the piston. 

4. The ring belt transfers heat to the cylinder wall about 00 per cent as 
readily at the plain portion or skirt of the piston barrel. 
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5. In view of the low heat dissipating property of the rinp belt, a hroa*' 
band in contact with the cylinder at the head end of the barrel should he m 
material assistance in cording: the piston. By reason of this better cooling 
it should not require the larjje clearance usually pven to the top hand n- 
present Ocsifjns, although the determination rd the clearance is admittedly 
a delicate matter. Such a l«iud wrmld also ludj) lo support the piston and 
permit the use of a shorter barrel, 

6. Im|>rovenieni in the thermal contact between the rings and the piston 
barrel will assist in lowering the pislcni Icinpernturc. 

7. In gray iron fusions a close grained iron in which the graphite i> 
finely divided and nnifctrinly flistribnted .should be tised. on account r>{ It' 
unifitrni high thcTiual eondnclivily. 

Advantages of High Heat-Conductivity.—'riic ml vantages of high hc:ii 
eondnclivily arc funiibnr to the nigiiiocr but arc iu»t so well knr>\\n lo the 
])uhlic. Chief among llicin are llic possible employment of higher coinpres* 
sinn-ratios wdlli less rarlKUi <U*(n»silcil the pision-hearl, rcsiilling in Ir^s 
j)rcigniti(>n. cIcamT and emder (mI and c<»ider bearings. In nd<lition to these 
thing.s, the aliimimun all<»y fMissesses excellent machining properties, is hanl 
and .strong, ami its wearing <|uabties are snperitir if il is projierly lubricated. 
Alutninum has one f>rof»crty that is nnforlnnale for its nse as piston ma* 
tcrial. That is a coefficrent of Iheniial csfiaii'^ion more than twice that of 
cast iron. This )>roperly has been the greatest single obstacle in the way 
of the general a<foptii>n of nlnmintim pistons. If a plain cylindrical nhnin- 
niiin piston, similar t(» the conventional cast-imn is fittol int(» tin* 

cylinder with Ihe usual clearance allowed for cast ir*m il will exfmml so 
much that it will stick ami score at high sj*eo<ls or under he.ivy hunls. U 
il i.s fitted with siifTicienl clearance lo fprevent ihl.s il will be so loose in the 
cylinder that it will rutile hack ami forth when the eng me is starleci cold. 
l)ro<hiclng the mdse known as pislon slaf>. To <»vercinue this difficully is 
the dream of every piston inventor. H'hc vast majority of all of the over 
1.000 light-alloy-i)isti»n f>alents deal with some scheme for conificnsating 
for the greater cxfiansion of alnmniuin than of cast iron. This may be a 
peculiar method of slitting the piston, or it may be casting in or boiling 
on pieces steel to act as expansion controls. It may fn*opose ring^s of 
special types nr a peculiar locahott fd the pislon-pfn. but the rd)ject is al¬ 
most always the same; to provide an alnmiinim fusion that wdll not slaj) 
when ctdd and will not stick when li<»t. A few of these jdnns have been 
commercially .successful and have played a major pari in the rapid growth 
in the use of aluminum pistons. 

Another factor that ha.s played an mifiorlant part in bringings llic alumi¬ 
num piston into prominence is the art of casting ulumnium alloys in fier- 
manent iron moul<ls. This process was itnp<irted fr<»m Krance in in 
a crude state. The first piston castings by this process were firodnced in 
1915. The growth of the resulting industry was shwv fur a few years, but 
as ihe technique advanced il became very rapid. Since 1920 many million 
aluminum pistons have been made by tlii.s t>roccss. Its advantages over 
sand casting arc many. 'I'he melal is hard and fine grained, free from 
porosity and from blowholes, an<l has excellent machining properties. 
Great numbers of castings may be dufdicatcd almost exactly as to both 
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ilimensions and weijjht. StHI another development in the last three or four 
xpnrs is the art of heat-treatinjj aluminum pistons. By heal-treatment of 
liernianent-moiild pistons manufacturers are able jjreally to relieve the cast- 
iiij; strains which cause distortion in o|>erati<in, and at the same lime to in¬ 
crease the hardness to as innch as KjO Brinell. thus enahlinj' the piston to 
resist wear of the ring groove and skirt to a great extent. 

Split Skirt Pistons.—The iiio>t familiar design of alundnutn piston, the 
nnc that hnnighl it into iiroinincnce, is the so-callctl sHl*skirt tlusign as 
shown at Pig. .^12 R ami Fig- .115 C. In this tyj'C of pislon we have two 
hearing-faces of a]ipr<»xinialely 00 tlogrers each, separaleil from the head 
ami ring sect urn by li<»rizonlal slots. I’ji the center <»f one (*f these heaving 
faces, from the open etid of the jii-slon to the h<»nzoiilal slot, rnns a vertical 
slni, 'riic purpose of tbc Inirizonta! slots is to sejmratc the bearing faces 
finm tbe ])iston-ln’atl. preventing a direct flow of beat from the head to the 
shirt and thus maintaining a lower skirt-teni]ioratiire. I'he purpose of the 
vertical slot is to allow the j»ist<m-wall to deflect slightly after it reaches 
the size of the cylimler lu)rc. Ihns eliminating the fn»ssibility of seizure at 
log'll spcetls, This is the design that has been in g;ejierul uvo f<»r nearly ten 
vears in various aiitomolive a]ij>liratlons. The clearance jirovnlcd with this 
tvpe of jnston is usually alHuit the same ns with cast ircjii, 

Strut Type Piston.—The .strut type .shc»\vn at Fig. 112 A aiul D is iden¬ 
tical with the s]ilit*skirt type in lno^t of its essential features. It has the 
two ^)0-degrec hearing-fares separated from Ibe he.il hy horizontal slots. 
The piston-pin hosses are ultacbed to the hea<l exactly as in the si)lil-skirt 
type. The connection from llu» pislon-jnn bosses to the edges of the hear¬ 
ing faces, however, insteatl <if being by aluminum rd»s, is hy steel ribs cast 
mil* the pisUm-pin bo.sscs atui into the e<lges of the bearing face.s, connect¬ 
ing the adjacent edges of the two bearing-faces in the .same manner as do 
the aluminum rihs in tbc sjjHt-skirl j)iston. These two sled inserts carry 
the thrust loads <»f the pi.sum against the rylin<lcr-vvall and act as spacers 
hclwecii the lw<i bcaring-faces. cotitrolbng the expansum acri»ss tbc bearing- 
faces due to temperature. If tbe tnscri.s arc made of c<»ld-rolled steel the 
f'frmissihlc clearance will be about the same as with a cast-iron pislon of 
like diameter. If they are ma<le <if Invar, a sled c<Mitaining about 35 per 
rent uickd, which has practically no expansum in tbe range of temperature 
encountered in piston operation, the clear-ance may be less than is ordinarily 
eini>loyc<l with cast ir<in. Pistons <»f ibis tyjK! arc heavier and .somewhat 
more cosily lo produce than the all-aluminum tyi»e so lliey have not been 
widely applied in aviation engines lo date. They olTer .some problems in 
casting strain and distortion, incident lo combining two materials of ra<li- 
cally (lifTereiJt coefficients of expansion in the same rigid slruclurc, but they 
will operate with very small clearance and are practical in every respect. 

Locking Wristpins in Alloy Pistons.—There are three practices of secur¬ 
ing the piston pin in aviation engine pistons: 00 locking the pin in the 
piston and floating it in the ro<l, {h) locking the pin in the rod and floating 
it in the piston, and (t) floating the pin in both and using lock wires or 
brass buttons in the piston to prevent endwise motion of the pin. The 
design using the lock wires is the best where it is possible. The pin may 
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then be fitted quite tight in the piston by heating the piston in warm watv' 
and assembling with the rod and pin while the piston is warm. When tb. 
piston cools the pin will be quite tight in it and the oscillation upon startini^ 
the engine will be between the piston-pin and its hearing in the connecting 
rod. After the piston is warm the bearing between the pin and the piston 
pin boss will bcc<imc free and the pin can then oscillate in the piston. Thi. 
construction also makes )K»ssible a better design of the small end of tin 
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cylinder ternpe^oture^de^ fahr 

Fib. 316^Comparative Pitten Head Temperature Using Varioue ComUnations of 
Ringa and Pietona. Note that Piatone Using Rings Finished by Grinding Had Lowest 

Temperature. 

connecting*rod, particularly for an aluminum connecting-rod, because it 
does away with the clamping device and is much stronger. Of the other 
two practices most engineers prefer locking the pin in the rod. In this case, 
the piston-pin should 6t the piston with about 0.000S-inch clearance at room 
temperature. 

Slipper Type Pistons.—In the ordinary form of piston, such as the trunk 
type, a large part of the piston surface is not needed to take the side thrust. 
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This unnecessary surface in contact is naturally prejudicial to mechanical 
efficiency. For this reason many pistons arc relieved ^>r part of their length 
by reducing the diameter al)out the piston*pln and are also drilled to reduce 
the surface m contact. The advantages obtained are real and distinctly 
shown on the test bench. Unfortunately, it has been found difficult to com¬ 
bine mechanical strength with lightness in these pistons and many failures 
have resulted from such attempts to side-track the defects of the piston of 
standard design. Further, the disposition of the hearing surface in pistons 
.so relieved is not correct. There is stilt a 50 per cent excess <if unnecessary 
.surface, allowing f<»r the fact that hearing surfaces have to be i)r<»vided on 
each side of the piston, although only one side fniictiims at a time. The 
rigidity of the jii.ston-pin t>o>.scs is silso scrimisly reduced unless the pi.ston 
walls are unduly heavy. Thu orlluhltiN trunk jiislcm has been highly re¬ 
garded by <lcsigners. 1 1 has simply hecii arcc|>ted without cpiestion. The 
success attending the various departures frenn cimvcnlicuial Cimslruction is 
a very useful object iessun that no established construction is beyond im¬ 
provement. 

One of the earliest of these <lcpartures is the Zcjdiyr piston shown in 
big. 315 13. This lyf>c <d juston has hern very successful in aeronautic and 
racing ei^gine.s, some of the first N|HmneUH being nscd tm racing cars in 
1912. In addition to the ru<lucrd bearing surface and adcijuate piston-jun 
ki(tss support, it will be noticed that the de.signi <»r tlie |»iston crcAvn is well 
adapted to dissipating heat. A still further develi»puieiit toward a rational 
solution of the piston problem is that of the )<ic:irih» slipj^er piston. This is 
shown in Fig. 312 F and Fig. 317, U will be sum that there arc a Cim5i<ler- 
ahle number of interesting ijoiiits in tins <lesign. uhich have been tabulated 
in the .S'. A , E . Jour ml hy Mr. Poiiktov ,as follows; 

(1) The <lirecl tran.stnissiiJii of piston thrust to the sllpiuTs 

(2) The proportioning ni the slipiKTs to llic loads they carry, the com¬ 
pression sli)»pcr !»cing reduced in area conii»are<l with that receiving 
the explosion thrust 

(3) The sli)>f)cr.s extciul the whole wi»rking length of the just on and only 
laterally to the clcgree reiiuiru*! 

(4) Rigid snp])ort of the juston-i»in Ikjsscs 

(5) 'J'hc ability to use a floating pislcm-pin 

(6) Inherent lightness. 

When a short tyjie Kicardo slipper t>iston i.< nse<i as in tlie ff>rni illus¬ 
trated at Fig. 312 F it is not common practice to lighten the bearing shoes 
with holes as indicated in Fig. 317. 

Slipper Pistons Increase Efficiency,—Mr. ronieri>y states that the im¬ 
provement in power and re<luction of gasoline consumj>tion consequent 
upon the improved mechanical efficiency obtained with this type of piston 
varies from five to ten j>er cent at full load and is highest at high speeds. 
When it is remembered that an automobile engine is only developing about 
25 per cent of its maximum jmwer diiriiig a large percentage of running, 
and that under these conditions the inertia force and s])crd elements of 
piston friction are fully manifested, it will be seen that the clTective increase 
in mechanical efficiency at low loads ami high speeds may be very con¬ 
siderable, For example, about ten horsepower is required to propel a car 
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weighing 3,000 pounds at a speed of 30 m.p.h.. with a gear ratio of S OI 
this corresponds to an engine speed of about 1.550 r.p.m. at which speed an 
engine of say 200 cubic inches capacity is easily capable of developing some* 
36 horsepower. The load factor, according to the conditions stated, is. 
therefore, only about 28 per cent. The well-known law of friction of ma¬ 
chines, that friction is independent of the load, is as a]>plicable to gasoline- 
engines running at constant speed as it is to the hand crane or t>nllcy blocks 



Pig. 317.—Sectional View Showing Construction of Plat and Round Head Typea of 
Ricardo Slipper Piaton Deugned for High-Speed Engines. 


of our school laboratories, especially as in the case tinder discussion the 
bulk of the loading is due to inertia effects which arc constant by liy- 
pothesis. A very fair upi>cr limit for the mechanical efficiency of a 200- 
cubic inch engine with cast-iron trunk pistons nniiiing at 1,500 r.p.m. is 87 
per cent. The corresiumding figure with slipper-type alloy pistons may 
easily be 92 per cent. The friction-horsepower for cast-iron pistons is. 
5.2 horscjKjwer, and for tite slipi^cr pistuii?»=3.2 horsq>owcr. 
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As cast-iron pistons arc not used in aviation engines, the gain in efRci- 
ency by using Ricardo type pistons over the aircraft short trunk type shown 
at Fig. 312 B is not so marked but would l>e of suflictent value tn warrant 
their use in engines of fairly large lw>rc, providing the reiluclioii in area 
permitted pruper heat conductivity an<l adetpiatc luston c«»oluig- 

Factors Affecting Clearance.—Different sections of a pi.ston have dif¬ 
ferent clearances, but the roost im]>ortant is the skirt clearance or tbat 
across the thrust faces. While many factors afTecl clearance, the more im- 
purtaiit inclmle (1) the design of the juston: (2) the fitting of the piston 
frotn the mechanical inmit c»f view: (3) the niachining. accuracy, and finish 
cd the cylinder hore.s: and (4) the machtniug. accuracy, and finish of tlie 
plslons Ihcuiselvcs. Other factiirs naturally include the Ihcnnul expansion 
;md C(»nductivity of both the aluminum alloy used and the cast-iron cyliu- 
(Ut wall, variables such as twculiarities of the engine it>elf, the luhriraliiig 
sv.stem, cooling system, and tyjie of engine, On starting from cold, with 
a force-fecd lubricatirm syMem. an a|i|»reciable time elaf^cs liefore the oil 
IS circulated. The piston clearance must therefore be adjusted to compen¬ 
sate for the increase in piston <liamcter due to initial heating. This situa¬ 
tion docs not arise. Imwevcr. in engines using the sidasli system, oil being 
iimnediatcly thrown inlc» llie cvlimler l>orcs. The ccKilirig system naturally 
has an efTecl on clearance, since it determines llic engine oi>erating tern* 
l^crature, ati<l ccnise<juen(ly that <if the cylinder walls an<l pi.shms. Various 
factors atTect engine cisding. incimlir.g {]) capacity of tlie system, (2) area 
cd radiator core. {^) type of syMeni. and f4> amount <d c^nding air blast 
fla^sillg over hiis of an air-cinded cylinder (»r through the inUTstices of 
a \vater-C(K)ling radiator. The temperature <d an engine is. cd course, af¬ 
fected hy the climate in which it is operated, whether a radiator shutter is 
used, and the nature of the c<Kiliiig solution (water, water-alcohol mixtures, 
etc.). In some automoldle engines using the thermo-syphon system, over¬ 
heating is cncounteTe<l on long tri]>s ami heavy pulls, and under certain 
operating conditions which are controllalde by the driver. Hence special 
provision must be nmde a.s regards the design and clearance on aluniinuro- 
alloy pistons for these engines. 

The coefftcient of thermal expansion of an aluminum piston alloy is 
about 2-0 times that of cast-iron. However, the actual expansion of the 
head of an ainroitiurn-alloy piston is not more than 50 )H 2 r cent greater than 
that of a cast-iron head umler the same engine conditions, because the head 
of the former does not gel nearly so hoi as that of the latter as shown hy 
Mr. Grimes’ chart at Fig. 31 f>- 'I'hus. in a calculaleil case, the ucliial expan¬ 
sion of the head of an aluminum-alloy pisUiii was only 40 ]>er cent greater 
than that of a cast-iron hca<l. Actual exj»erinicnts have .shown that the 
cast-iron piston operates w'ith a considerably higher head temperature than 
the aluminum piston, due to the lower heat cunduciiviiy of the cast-iron. 
Thus, reported figures indicate that the temperature of cast-iron pistons 
runs from 100 degrees Centigrade (212 degrees Fahrenheit) lo 250 degrees 
Centigrade (482 degrees Fahrenheit) higher than that of aluminum-alloy 
pistons. The high iherniat expansion of aluminum alloys is actually of little 
or no moment at the present time, since designs have hecii worked out 
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which adequately compensate for expansion and contraction due to tem¬ 
perature changes. 

Cylinder Bore and Piston Finish Important.—In some engine manufac¬ 
turing plants bores were formerly finished by rough boring and reaming. 
Recent advance in methods and precision of finishing cylinder bores has 
accompanied the development of the high-Rjwcd, high efficiency engine. 
Modern methods of finishing cylinder bores include (1) boring and grind¬ 
ing; (2) boring, grinding, and lapping; (3) boring, reaming, and honing; 
and (4) boring, reaming, and lnp])ing, and various other combinations. The 
general tendency is toward fina) finishing by honing or lapping. In general, 
the larger manufacturers are pr<»ducing cylinders by boring, followed by 
honing or lapping, although some phuiis finish by rolling, preceded by bor¬ 
ing. For reconditioning engines, honing is making great strides, so much 
so in fact that the various regriii<]ing ass4>ciatioiis are issuing prfipaganda 
designed to combat honing, laiijung. and any niethotl of reconditioning 
bores other than by grinding. While much may be said on Ihi.s question, 
regrinding Costs much more than Imning or lapping which gives a desirable 
finish. Emery or lapping comjiound.H are not to be rocommemled in finish¬ 
ing since the fine ]iartides arc forced into the pores of the cyliinler and score 
both piston and cylinder wait, which ]>r«iclical1y eliminates the old expand¬ 
ing lead lap charged with abrasive. For cylimler bores, the usual allowance 
is 0 0005 inch in taper and out of roun<l. an<l the t>rcferrcd mcthorl of finish¬ 
ing is to grind or ream to this tolerance an<l then (ini.sh by honing or lap¬ 
ping to give a polished surface. A variation of O.OOOS inch in ta]>er and 
out of round will, of course, alTcct the skirt clearance the same amount. 

Assuming |>crfect machining, accuracy, alignment, and finish of both 
pistons and cylinder bores, the clearance rc<|uircd on aUnninuin pistons for 
.1 given engine depends ujnm the following factors: (1) The thermal ex¬ 
pansion and conductivity of the alloys usc<l for both piston and cylinder; 

(2) the design of the pistroi as regards sections, heat breaks, slots, etc.; 

(3) the engine operating temperature; and (4) the maximum an<l minimum 
temperatures attained by the piston head and cylinder block. As indicating 
the effect of improved design on clearance within the past ten years, the 
average skirt clearance for aluminiini pistons has decreased from 0.003 inch 
per inch of piston diameter to 0.0005-0.001 inch (or, say, from 0.012 inch 
total clearance to 0.002-0.004 inch on a four inch piston). The older types 
requiring these greater clearances were solul-skirt pisttms, in which no 
effort was made to control expansion. With the development in designs 
which permit close initial fitting clearance has come the development of 
better aluminum alloys having superior wearing qualities over those first 
brought out. Pistons are now manufactured to close specifications as re¬ 
gards hardness and strength. Further, the die-casting process, now used 
so extensively, gives a much su|>erior casting. 

At the present time, referring to the slcaied-skirt piston, the average 
skirt clearance lor aluminum pistons used in the usual water-cooled car 
engine is 0.0005-0.001 inch inch of diameter; that for an air-cooled en¬ 
gine is 0.001-0.00125 inch per inch of diameter. The usual clearance for 
heavy-duty truck and 'bus water-cooled engines is O.OQl-0.0015 inch, deter¬ 
mine of coerae^ by the r.p.m. of the engine, load, and operating conditions. 
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Fig. 319.—Methods of Supporting Alloy Piston for Machining. Cone Method at A U 
Not Adapted for Split Skirt Pistons on Account of its Expanding Effect. The Drivins 

and Supporting Adapter Shown at B is that Best Suited. 

The usually recommended skirt clearance for cast-iron pistons is 0.001 inch 
per inch of diameter or slii'htly less 0.0008 inch). A number of alunii 
num pistons of various types and sizes are shown at F\g. 318. Pistol 1 ^ 
shown at A, B, C and D are intended to fit 3.5 inch bore cylinder. That at 
£ a 3.25 inch bore while F shows the clearances on a still smaller piston. 
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Effect of Finishing Pistons.—The method of machining aluminum pis¬ 
tons and the grade of finish have a pronounced effect on the operating 
rlearance. The usual procedure in v<iluine pro<luclion hy engine manufac¬ 
turers is to rough grind the piston casting to within 0.005-0.015 inch of the 
desired hnished diameter, i.e.. after turning, and then finish grind to size, 
removing 0.0005-0.0015 inch per traverse. When the i)islon is removed 
from the grinder, the slot, jirevumsly parlially cut in, is cnmjdctcd at top 
.'ll id bottom. This metlnxl is a<lvantageuus as regards ptwhiction, hut is not 
the most desirable fnjin the ixunt <if view of tolerance limits. When the 
slot is comjdetcd after finish grinding, the internal strains in the casting are 
released, causing a distortum to the amount of 0.(X)M).00R inch on the di- 
aineltT Off the skirt). Internal casting strains can. of cimrsc, removed hy 
heat treatment previous to ruuKhing. hut whether heat treatment he used 
nr not. the slotting should he completed prior to fmish grinding. 

The best procedure in rrnishiiig jdstiMis (and this is foMowe4i almost uni¬ 
versally in the replacement field) is to rough turn to within O.OIS inch of the 
desired finished diameter, complete the straight. <liagonal. or spiral shit at 
lop and bottom, and then grim] to the finished size. In this way. internal 
sirains are relieved prior to the final grinding, and suhscfiuent dispirtion is 
avoided. Cure must he taken that ttn) much metal is not taken off ])cr grind¬ 
ing inverse; excessive wdieel pressure, will. <»f itself, cause clistorlion and 
possible fracture. In practice, also, it is to he rcci>tninended that the grinder 
l>c so adjti.stetl as to finish the extreme skirt end <»f the j)i>ton 0.0(X)5-0.0015 
inch larger in diameter than the up|K*r end <)f the skirt. This procedure will 
compensate for any drop due to the slight pressure of the stct>*cul adapter 
shown at Fig. 319 B which is fitted in the skirl cml and holds the piston 
hetween centers for grtinling. The exact am<iuiit tif ta)>cr is determined hy 
trial, and is consitlerahly dependent upon the diameter of the piston. The 
tirade and grit of llie grinding wheel, wheel spee<l. and the grinding solution 
all atTcct the grade 4if finish. The grinding wheel recoinniencle<i hy experts 
fop alnuiiuuin is the 3<>-l. wheel manufactured hy llic Abrasive Wheel Co., 
lliiladeljdiia. Pa. 

The grinding fixture should exert no pressure which will cause distor¬ 
tion. In Fig. 319 A is .shown a form id c«mic adapter. This has the effect of 
increasing the diameter of the skirt hy spreading it, due to the pressure 
hetween centers. This will cause distortion, and the skirt will collapse 
Nvheii the piston is removed. Fig. 319 M shows a fcjrm of stcji-cut adapter 
developed by the Kant-Sk4»rc Piston Co. In this no pressure is exerted, and 
it is to be recoiumen<lc<l In preference to either a cone or draw-bar fixture 
for use in supjiorting split-skirt tyjie jdslons for grinding. 

Dycer-Austin Alloy Piston,—'fhe I >ycer-Austm ahiintniim-alloy piston 
shown at Fig. 320 has the same weight a.s the slock piston it replaces. There 
are four one-eighth inch ring grooves; three compression and one oil wiper 
ring. The design of new production aircraft engines takes cognizance of 
the fact that a narrow ring is more efficient, supplying greater compression, 
less friction and drag and less cylinder wear. A narrow ring is particularly 
advantageous for use in worn cylinders as reasonable efficiency is gained 
even in the presence of off-center operation. In regard to oil consumption, 
a 25 per cent increase in ecommiy is realized chie to closer fit of piston and 
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the use of narrow rings. Pistons are made with one-eighth inch higher 
head supplying greater horsepower and more revolutions to the 0X5. 
Dycer>Austin pistons are also supplied with standard head when desired 
Expansion of the detached head spreads the bo.sses apart and contracts 
skirt thus rendering th^ piston round under operating temperature. The 
piston skirt is turned oval .003 with the smaller diameter in the same axis as 



Pig. 320.~Sectional View Showing Construedoa of Dycer-Auitin Replacement Piitoa 


the piston pin. As demonstrated hy three years of service, there is no dan¬ 
ger of the ptsloM warping. Due to the connecting strut the detached head 
adds sixteen square inches of heat radiating surface to the piston therein 
permitting a cooler operating temperature to the piston, rings and cylinder 
walls. The cut at bottom of skirt absorbs expansion, consequently pre¬ 
venting seizing in event of overheating due to lack of oil, etc. The slot 
serves to drain oil and prevent the travel of heat from the head to the skirt 
Dycer Airport has used the s|>ecial Dycer-Atistin pistons in its own engines 
for some time. They have been in production only a short time. The high 
compression feature is interesting to the commercial plane owner today 
due to the increased efficiency realized with small cost. Incidentally, the 
motor requires overhatiling at less frequent intervals due to Its increased 
revolutions after overhaul and the extension of time before arriving at the 
usual overhaul period. 

Durator Iron Piston.—A numher of features are incorporated in the 
Durator pihton which has been introduced recently by the Duroseal Corp.. 
Cleveland, Ohio, Pressure at the piston head is applied directly to the pin 
bosses through rib structures while these bosses are entirely separate from 
a new type of skeleton skirt. In the de.sigii of the skirt, ample bearing 
surface is obtained and distortion due to the load on the piston head U said 
to be minimized. Perhaps the outstanding feature of the piston is the ring 
design. Provisions are made for hut two ring.s. the lower of which is the 
slotted scraper type set in a drilled groove. The upper ring assembly con- 
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sists of three segmental units of low friction nonscoring alloy. Due to the 
segmental construction, this ring assembly exerts no pressure on the cylin¬ 
der wall except during the compression and bring strokes and it is staled 
that the pressure when exerted is in approximate proportion to the pressure 
within the combustion-chamber, which tends to expand the segmental as¬ 
sembly to produce the scaling action. The action of this ring is somewhat 
like that obtained with the obdurator rings fitted on Gnome engines. 

Fig. 321 illustrates the com)>onent8 of the piston and ring assembly. 
A flat head and short cylindrical section in which the rings are mounted 



Line drawing showing detsite ot 
cortstrueton ol Dufstor CHSton 


Fig. 321.«The Durstor Piston is • Niekel-Iron Skeleton Member. Carrying One 
Scraper Ring of Conventional Form and a Spedil Three Piece Alloy Ring st the Top, 
which IS Expanded bf Oas Preeaore. The FSston Bouet are Joined to the Heads by 

Two Ribs Baeh. 
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are jojned to a ring: forminff the holloin of the skirt hy two relatively nar¬ 
row Straps. As the j>iston is assembled in the engine, these straps are oi, 
the lateral center line and their outer surfaces are relieved so that the pis 
ton liears on the cylinder wall at the full ring at the holtom and a similar 
area located just hel<»w the scra)>er ring. The piston pin bosses arc located 
between the.se iw'o rings and are connected with the head by two ribs at 
each side which extend upward inside of the top of the piston. 

Another feature which crnitribules to tncchaiiical strength and elimina¬ 
tion <»f oiling troubles is the shelf-like ri!> which extends around the insidi- 
of the piston at a pennt just below the drain bides for the scraper ring, 'rhi*. 
ril) serves as a delleclor b*r oil thmuTi off at the crankshaft and cause. 
<!d<Mes which lend to draw off excess oil from the drain lude (Uitlets. The 
ring formings the lower end of the pi.ston is thicken<*<l slightfy at the extrenn* 
boUom for ndditionul strength an<l to provkle a pilot for 1uachiuing^ 'I'hi^ 
unit is cast iron of high nickel content uhich t»ro<lnces a hard tough alhiv. 

I )ne to the skeleton con*>|rne(uin. the weight is considerahly less that that of 
the conventional design of cast-irmi pistiMi. 

While the lower or scraper ring is set in a drilled groove of nsiial design, 
the ujiper ring^ assenildy and its gnHive arc iini<|uc. The giiMive is much 
decjicr than ordinary ami the t(<p land of the piston is .smaller in <1ianietet 
and bevclcil at the lot«. This arrangement provi«les room for the seg 
mental ring assembly of L-sba]<cd section. (Ibvmusly this assendily is 
inert uml does not load the c\limler wall until jiressnre acc mini la ling above 
the piston head lends to ex]>ancl the segments. Sealings is assisted by the 
slet) joints in the segmental assembly. As o|K*ration is secured by gas 
pressure, no sjiring actii»n is re«pnred and this as>em1dy is made of ihmi- 
ferrous, nonscoriiig alloys rather than the usual cast iron. It is clainie<l 
that the new piston and ring* assembly as installed in an engine tends to 
reduce frietkm and therefore increases the net onljnil of the engine. As 
<inly imc ring of the convcniional tvjje is earned by each piston, wall fric¬ 
tion is at a niinimnm until pressure builds up over the head. It is clainicil 
that the relative ahsence of wiill frictuMi tends to reduce vibration. With 
the reduction of friction loss, fuel economy is improved wliile the sealing 
action of the sticcial lop ring reduces dilution. Tests have indicated llial 
the piston boss construclioii jirartically eliminates disiorlion of tlie skirt, 

Piston Ring Construction.— As all pi.slotis must be free to move uji an<l 
rlown in the cvbmlcr with minimuiii fricticni. ihev iiiiist be less in diameter 
than the bore of the cylindiT. The auiomit of frecdmii or clearance pro¬ 
vided varies with the construction <»f the engine and the material the piston 
is made of. as well as its .size, but it is usual to jirovide more space at the 
head end than is left ;it the skirt to comjiensate for the expansion of the 
piston <lue to heat and also to leave sufficient clearance for the introduction 
of lubricant between the working surfaces. Obviously, if the piston were 
not provided with packing rings, this amount of clearance would enable a 
portion of the gases evolved when the charge is explcnlcd to escape by it 
into the engine crankcase. The packing members or piston rings, as they 
are called, are split ring's of cast iron, which are sprung into .suitable grooves 
machined in the exterior uf the piston, three or four of these being the usual 
number supplied. These must have sufficient elasticity so that they hear 
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li^jhlly against the cylinder wall anil thus make a gas-light joint. Owing 
(o the limited amount of .surface in contact with the cylinder wall and the 
elasticity of the splittings the amount of friction resulting from the con¬ 
tact of properly fitted rings and the cylinder is not of enough moment to 
cause ony damage and the piston is free to slide up and down in the cylin* 
der bore, yet maintain a reasonably gas-tight joint. V'arious piston clear¬ 
ances arc listed in the clearance tables of the various engine ly|vs to be described. 



Fig. 322.—Common Types of Piston Rinas and Rina Joints. A—Concentric Ring. B— 
Eccentrically Machined Form. C—Lap Joint Ring. D—Butt Joint. Now Seldom 

Used. E—Diagonal Cut Member is a Popular Form. 

Concentric vs. Eccentric Rings.—Thc'^e rings arc made in I wo forms, 
as outlined at I'ig. 321. The design shown al A is termed a '‘concentric 
ring.*’ bccau.se the inner circle is concentric with the outer one and the ring 
i.K of uniform thickness ni all ]«nnts. 'Vhe ring .slnovn al K is called an 
"eccentric ring.'* and M is lliicker al one |»art tlinii at others ll has theo¬ 
retical advantages In that it will make a tighter joint than the other form, 
as it is claimed its cspunsiiMi cine to heat is more nniforin. The jiiston rings 
must be split in order that they ma\ be sjirung in place in the grooves, 
and also to in.snre Ibat they will have snihrient elasticity lo take (he form 



£cce»i^rrc Ring ' 
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Fig. 323.—Di«grams Showing Advantages of Concentric IHtton Rings. A—Note 
Uniform Clearance Between Back of Ring and Piston Groove with Concentric Ring. 
B—Sectional Diagram Showing Location of Clearances Between Inside of Ring and 
Bottom of Piston Grooves. C—Lack of Uniformity in Clearance Space When Eccen¬ 
tric Rings arc Used. 
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of the cylinder at the different points in their travel. If the cylinder bore 
varies by small amounts the rinjjs will spring out at the points where the 
bore is larger than standard, and spring in at those portions where it is 
smaller than standard. 

It is important that the joint should be as nearly gas-tight as possible, 
because if it were not a portion of the gases would escape through the slots 
in the piston rings. The joint shown at C is termed a “lap joint,” because 
the ends nf the ring are cut in such a inauuer that they overlap. This is 
the approved joint. The Initl joint shown at V) is seldom used and is a very 
poor form, the only advantage being its chcaiincss. The diagonal cut shoNMi 
at E is a compromise between the lap shown at C and the poor joint dc 
picted at D. It is also widely used, lhough mi»st constrm'lors prefer the 
lap joint, because it does «ol permit the lc»akagc of ga^ as nnich as the other 
two types. There seems to he some difference of opinion relative to tlve 
best piston ring type—some favoring the eccentric jiattern, others the con¬ 
centric form. 

The concentric ring has ad\antagcs from the lubricating euglneer*.s 
point of view: as stated by the I’lait ^ Washburn ComiJauy in their text¬ 
book on engine lubrication, the siuallrr clearance l)chrnd the ring possible 
with the ring of uniform section is ailvautageous. 

Fig. 323 A shows a cimccnlric piston ring in its grcMjve. Since the ring 
itself is concentric with the groove, very small clearance between the back 
of the ring and the bottom of it.s gr<H»vc may bo allowed. Small clearance 
leaves less space for the accumulation of oil and carbon deposits. The 
gasket effect of this ring is uniform thnmghoul the entire length of its 
edges, which is its marked advantage over the eccentric ring. This type 
of piston ring rarely burns fast in its groove. There are a large number 
of different concentric rings manufactured of different designs and of differ¬ 
ent efficiency. 

Figs. 323 B and 323 C show eccentric rings ns.sembled in the ring gronve. 
It will be noted that there is a large space between the thin cuds of this 
ring and the bottom of the groove, This empty space fills up with oil which 
in the case of the upper ring frequently is carbonized, restricting the action 
of the ring and nullifying its usefulness. The edges of the thin ends are 
not sufficiently wide to prevent raiud escape of gases past them. In a prac¬ 
tical way this leakage means loss of compression and noticeable drop in 
power. When new and pro|>crly fitted, very little difference can l)e noted 
between the tightness of eccentric and concentric rings. Nevertheless, 
after several months* use, a more rapid leakage will always occur past the 
eccentric than past the concentric. H continuous trouble with the carbon¬ 
ization of cylinders, smoking and sooting of sparkplugs is experienced, it 
is a sure indication that mechanical defects exist in the engine, assuming 
of course, that a suitable oil has been used. Such trouble can be greatly 
lessened, if not entirely eliminated, hy the ayiplicalion of concentric rings 
(lap joint), of any good make, properly fitted into the grooves of the piston. 
Too much emphasis cannot be put u|>on this point. H the oil used in the 
engine is of the correct viscosity, and serious carbon deposit, smoking, etc., 
still result, the only certain remedy then is to have the cylinders rebored 
and fitted with properly designed, oversized pistons and piston rings. 



GRAY IRON BEST FOR RINGS 


721 


Grky Iron Best for Rings.—Practically all piston rings in use at the 
present time are made of gray cast iron, and one little realizes what fine 
({ualities this rather common material possesses until one reads the liter¬ 
ature of the piston ring makers. What makes cast iron particularly suitable 
for this purpose is that it combines a fair degree of elasticity with a rather 
soft texture. It will therefore give the required spring pressure without 
unduly wearing the cylinder wall. Whatever wear takes place on the con¬ 
tact surface should preferably be on the rings, because the rings are much 
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Fig. 324.—Special Ring Joinu Intended to Provide Against Leakage at the Gap. Rings 
of this Type Have Been Used in AutotnobUe Engines Successfully. 

easier to replace than the cylinder. Other materials besides cast iron are 
being used to a slight extenl. however. Thus, one concern has been making 
piston rings of monel metal, a natural alloy of copper and nickel; another 
makes one member of a two-piece ring of bronze; and several use steel 
springs under cast iron or bronze rings. Perhaps the best known use of 
bronze in aviation etigines was the obdurator ring of (he early Gnome 
engines. 

While bronze. Swedish iron and even malleable iron and steel have been 
tried, it will be conceded that, so far. cast iron is the only satisfactory metal 
suitable for piston-ring usage in the internal-combustion engine. The den¬ 
sity, the resiliency and the small cross-sectional area each being an impor¬ 
tant factor, it is evident at once that the foundry offers the greatest oppor¬ 
tunity for improvcincnt toward piston-ring perfection. Manifeslly, with 
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poor castings at the start, very little better than poor results can be ex- 
pccte<l at the finish. There is little question as to the superiority of tin 
iiuIivitUialjy cast over the the |K)t-casi piston-ring. Talile below gives ji 
mixture formula for irulivKhially cast rings as published in the .S’. A. E. 
/ouruitl. 

Extreme care in the selection of materials, combined with frequent 
physical tests, will he necessary to maintain the standard. A required 
property of test-har one-half inch square Is a Shore hardness of 3S to 4u 
or a lirincll harduos of to i.tO. 


Taylor tite 
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Fig. 325.—Ring With Oil Control Sion Shown at A. Various Systems of Machining 

Oil Control Grooves in the Face of Rings Shown at B. 

FORMULA FOR INinVIDUALLY CAST PISTON-RINGS 


Snbsiance Per Cent 

S»Hc«ni . 2 50 t.>300 

Snlyhiir, nia.^iiiunn.070 

PllnspJlofUs . 0..10 to 0.50 

MangaDcw .. 0 45 to 0.70 

Combined ( nrlKm . 0.50 to 0.60 

CrapIntic CarlMiii . 2.75 lo 2.CS 


Remainder lo complete 100% is iron 
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Rings Made from Individual Castings.—Originally piston rings were 
made from pot castings^ and this method U sliH being followed by some 
makers, but the majority now make them from individually cast blanks. 
Where the individually cast blank is used the inside of the ring is left in 
the rough, or if it is worked upon practically only the burrs at the edges and 
any slight unevennesses of the surfaces are taken ofT by snagging. The 
surface metal of the ring is chilled in casting and therefore »s of a closer 
grain, somewhat harder and more springy than the incta! below the sur¬ 
face, and for this reason a ring with an inner unfniished surface, with the 
^cale in place, is believed to be a better ring. Those wlu) still make their 
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Pig. 326.—Diagram Showing Method of Machining Surface of Piston Rings to Insure 

Quick Seating of New Rings. 


rings from pot castings sometimes claim greater uniformity of material in 
the ring, and lliis claim is cvKlcnlly well foumled. but the question then 
arises whether it is belter to have the ring consist entirely of a metal of a 
certain quality or to have two kinds of metal in the ring, one the same as 
that in the ring of uniform material and the other a material of a higher 
quality. The advantage of the pot casting process would seem to be lower 
cost of manufacture, but the process of making rings fnitn individual cast¬ 
ings has been so developed tliat it is little if any mure expensive to produce 
rings by it. 

Reason for Pcening Ring Interior.—There arc various methods of en¬ 
dowing a ring blank turned or ground to the diameter of the bore, with the 
expansive qualities ncces.sary to pro<liicc the dcsirctl pressure against the 
cylinder wall. The mo.st commonly used consists m hammering or peen- 
Ing the ring on the inside, or on the sides near the inside ctlges. This pcen¬ 
ing process has the effect of .^spreading the metal where the blows fall, and 
the final effect is to increase the radius of that portion of the ring where the 
pecning has been done. If the ring were pccncd uniformly over its whole 
inner circumference the radius would be increased uniformly all around, 
and, as with uniform pressure of the cylinder on the ring all around, the 
radius is reduced much more at the center than at the ends, this would not 
give a ring producing a uniform pressure. To get uniform pressure the 
pcening must be intensified from the ends toward the center of the ring. 
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which can be done either by varying the intensity of the blows or by vary 
ing their spacing. 

Another plan of putting rings under tension described by P. M. Held: 
consists in expanding the ring, after it has been turned and gapped, ovn 
a taper mandrel or a mandrel of somewhat larger diameter than the insiii'* 
diameter of the ring» and while in this expanded condition, subjecting it 
a heat treatment. The effect of the heat treatment is to cause the mole 
cules of the iron to set in the positions corrcs^Kinding to the expanded con 
dition of the ring, so that it requires pressure against the outside surface r>f 
the ring to bring it to its original position. 
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Fig. 327.—Illuitration Showing Conitruction of Various Forms of Composite Piston 

Rings. 

Piston Ring Width.—The proper width of piston rings is another siih- 
ject productive of much discussion. The reduction in weight of all recipro¬ 
cating parts is certainly to be desired. When it is taken into consideration 
that any added weight on a piston ring must be multiplied by a factor of 
six to determine its equivalent inertia effect for each cylinder, the advis¬ 
ability of narrow widths is evident immediately. Theoretically a knife- 
edge in Contact with the cylinder wall will pnwluce the proper result. It 
remains only to establish the added width necessary to allow for prac¬ 
tical production, always considering that the miniinum width is desired 
Present methods of manufacture indicate that one-eighth inch is the proper 
width for aviation engines, all things considered. 1 he thickness of the nuj: 
or the depth of the groove is subject to the same consideration in all ways 
The merits of both eccentric and concentric forms have been discussed 
previously. No doubt, the eccentric ring is more correct for theoretical 
uniform wall-pressure. H<iwcvcr. if the pattern for the casting is designer 
for the ring at its full opening, and the natural surface density of the insuK 
of the ring is left undisturbed in machining, a proper foundry mixture wdl 




LIGFIT TEST FOR PISTON RINGS 


725 


produce a concentric ring with a wall pressure that is so nearly unilortn in 
actual operation that its many other advantages make it preferable. It 
should be remembered also that the theoretical eccentric ring tapers down 
from its heaviest section, opposite the joint, to a knife-edge at the joint 
Any design for an eccentric ring must modify this form to a certain extent, 
to avoid the easily breakable thin wall at the joint. To perform its function, 
the piston ring must exert a pressure against the cylinder wall, and this 
pressure should preferably he uniformly distributed over the whole of the 
contact surface of the ring. Unfortunately, there seems to exist no method 
for measuring the specific pressure exerted by the ring at any particular 
point of its contact area, and In default of such a method makers and users 
liave resorted to methods intended to give the total pressure exerted by 
the ring, 
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Fig. 328.'—Diagrtmi Detailing Unconventionat Platon Rings Suitable for Wide 

Grooves Only. 


Light Test for Piston Rings.^A test which has been much used in the 
past in the piston ring industry is the light test. The ring is inserted into 
a ring gauge of a bore equal to that of the cylinder for which it Is intended, 
and an electric lamp is then placcti behind the gauge. If no light shines 
through between the ring and the gauge at any ^Kiint of its circumference, 
the ring is considered to he perfect. This test has some merit, and a ring 
which passes it is at least a better ring than one which docs not. However, 
it is not conclusive, for a ring may make contact with the gauge at a par¬ 
ticular point and yet not exert any pressure on it. Thus a ring which 
passes this test and which exerts an average pressure against the cylinder- 
wall of one pound per inch in length of the ring, may exert a pressure of 
one-half pound over a certain one-quarter-inch section of length and no 
pressure at all over another similar section. According to Mr. Heldt the 
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light test serves to separate very faulty rings from those which are toleraliK 
good, but it is not sufficiently sensitive to distinguish the moderately gond 
from very good rings. 

Piston Ring Joints.—A practical arrangement of the gap, which prevent* 
injury to the ring from butting, has been adopted hy several manufacturer' 
and is known as the diagonal cut. This consists in cutting a section out 
of the ring whose faces make an angle of. say. 45 degrees with a radial line* 
Then, if the ring expands so much in service that the encls begin to hult. 
one end is f(»rced under the other d<»\vn into the gn>ovc. The lenglli nf 
gap is usually made cither 0.0025 or 000,'^ inch per inch of horc. There 
seents to he an impression nniong engineers that the lap joint is sliglitK 
superior to the diagonal jidnt. but inasmuch us the j<iin( is practically closed 
up when the engine i.s working at normal temperature, it rs hard 1<i see wh\ 
there should be any inuterial diflrrencc bcl\s eeii the two. \\'ith rings wliicli 
are turned to the diameter of the bore and then put under tension by iwen* 
ing or some similar melhoil. it is practically necessary use the cliagonal 
joint, as the la]) joint re<]nircs the removal of a considerable section (d tlie 
ring, w^hich is tmt pcrmis<sihle if the rings are turne<l to the diameter nf 
the horc in the first iiluce. When a luj) joint is used, the ring is rough- 
turned eiKiugh larger ihun the cylimler bore Ut alhnv for the metui rernowd 
in making the lu]). The rings arc then clumpe*! in a fixture with the gai> 
at the point where it will he when the ring is heate<l and then it is fmislird 
by grinding to make a ring that will bear all amund the cylinder. Varii>ll^ 
fancy joints have been maile, sncti as shown nl I'ig. .“^24 but 1he«^e are i>rac 
tical <mly in wide rings now seldom nse<l in a\iatii»n engines. 

Oil Rings.— In many engines the supply of lubricant to the cylinders is 
excessive and a great deal of oil get.< hy the pistons and is burned in the 
comhuslion-chatnber. causing a smoky exhaust ami carbon deposits. l*or 
the projicr distribution of oil over large bearing .••urfaces oil grooves have 
always been considered of go'vat hiiporlaiice. Mo.st <d the oil is thrown onto 
the cylindcr*wall when the piston is near the top eml of the stroke, ami if 
the bottom ring is jirovitled with a sharp edge at the hottom and a gr<iove 
is cut directly helow the bottom ring gnswe. the ring will scrape the oil 
ofT the cylinder bore ini^i this griK>ve. fr<nu which it can geiuTully return to 
the crankcase through smaU ho1e« drilled through the wall of the piston 
at the oil groove. 

lnstea<[ of having an oil groove in the piston, it can be cut in the ring' 
itself. Some cut a >nl)stanlially sijuare .slot in the ring at its lower outer 
edge an<l in s«nne cases ra<lial sUjIs arc provi<led on the lower side of the 
ring through which the oil thus scra])e<l olT may jiass to the bottom of the 
ring groove and hence back to the crankcase. Others cut the oil groove in 
the middle portion of the ring, away fri»m the edge, and in some cases the 
top edge of the ring is beveled otT so it will not leinl to scrai)e the oil olT the 
cylinder bore during the upward sln>kc of the jnston. Various methods 
of oil grooving are shown at Fig. 325 B. As a rule, manufacturers of oil 
wiper rings recommend the u.se of only one such ring per piston, in the 
lowest groove above the piston pin. A very gjK«l form of oil control ring 
is shown at Fig. 325 A. In this construction, only possible with rings at 
least inch wide Ibe tnl return jiassages arc machined frcmi the outer 
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to the inner faces of the ring and provide a ready passage for the oil to flow 
iMck into the piston interior through the holes in the piston wall at the 
ring groove provided for the purpose. 

Quick Seating Rings.—In spile of the most accurate machine work on 
both the cylinder horc and the rings, the latter never fit the bore perfectly 
when first installed, and for a certain |htuhI after a new engine is put into 
-tTvice. or after now rings have been pl.iced on the pistons, the power and 
efficiency of the engine will incre.i^e. It is. of course, desirable to reduce 
ibis 'Vniining-in" period to a ininiinnin; that is. t<» so Imild the engine that 
(lie niaxiniiim output and the inaxinnnn cfTicicncy arc attained with the 
least delay. 

Formerly, piston rings were generally gnnnid on the ontsnic surface, 
ibc surface which hears against the gronin] cyllnrlcr-w.ill. It lias been 
found, however, that if the miisidc surfju e of the ring is turned in the lathe 
as shown at h'ig, A, it seats itself to the cylindtT'Wall very much 
<inick<*r, and most Tuanufaclnrcrs of piston rings now turn their rings, some 
oven taking a coiniiarativciy ci»arsc cut. The turning operation, instead of 
giving the snuMiili finish ol)lained by grimbng, t»rovidcs the surface with 
what is practically a very line screw lbrca<l. Hy using a tool of the i>r<iper 
sliajie tills thread c.an be inaile of very small wicllli as coint>ared with the 
spaces between threads, and will then wear off rapi<lly. Mr. Melilt states 
that some manufacturers gel tho same cfTcct <»f rapid sealing by undercut¬ 
ting tmc-hulf or two-lhir<ls of the surface of the ring to a dciUli of about 
0002 inch as shown at Fig. .326 C. The t<»tal pressure of the ring being 
then concentraled on the reduced c<mlnct surface, this surface wears down 
faster than it otherwise would. <ir at least that is the lhef>ry. One manu- 
butiirer even provides bis rings with three conrentne surfaces on the out¬ 
side. each about 0.0015 inch below the one of next larger radius, ancl as the 
liighcr surfaces wear dmvii the <»thcrs come into effect successively. This 
ring is shown at I'Tg. 320 H. 

Those who still grind their rings on the oulsi<lc raise the objection to 
the (|uick-scaling’ jirmcijilc, tiuil as llic diameter is reduced by the wear of 
the rough exterior surface, the gap is increased in length at a rate 3.1416 
limes faster. With any of the ordinary forms of gap, there is, of course, a 
I'bancc for leakage, but the leakage area at any particular gap in the worst 
case IS only the product of the length of the gap into the clearance between 
the j>lston and the cylinder. l**or iiislaiice. if tho piston clearance at the 
ring liell is 0.012 inch and the gap is increased in length by 0.006 inch hy the 
near of the turnc<l face, then the leakage area incrca.ses hy 0.000072 square 
inch and not very much gas will leak through this innnitcsinial area during 
the small fraction of a second occupied by the compression or explosion of 
the charge. 

Machining Ring Grooves.—In order that rings may perform their func¬ 
tion properly they must Ik* accurately fitted into the ring grooves. The 
grooves should lie inachincil perfectly .snuMith ami true with the axis of the 
piston. Some makers roll the gr<M»ves to size. Generally a side clearance 
of O.OOl inch in the groove is aibnved. hut some makers go lieyond this and 
hold to clearance limits of 0.00025 and 0.00075, by selective assembling. 
In inspecting rings the following items are generally checked: Width of 
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ring, on which the tolerances are usually 0.0005 inch; out-of-roundnes^ 
when compressed by a light wire or cord, maximum tolerance 0.010 inch; 
tangential pressure retjuired to close ring ^ to one pound per inch diameter- 
for a ^«-inch ring and in proportion for rings of difTcrent width. 

Leak*Proof Piston Rings.—In <irder to reduce the compression loss ami 
leakage of gas by the ordinary simple form of diagonal or lap joint one- 
piece piston ring a number of compound rings have been devised and arc 
offered by their makers to use tn making replacements. The leading forms 
are shown at Fig. 327. That shown at A is known as the "Statite'* and 
consists of three rings, one carried iiiHide while the other two arc carried 
on the outside. The ring shown at 11 is a d<iul>le ring and is known as ilio 
McCadden. H'his is com|Hised of two thin concentric lap joint rings so 
dispose<l relative to each other that llic o)>cning in the inner ring comes 
opposite to tlic oj^cniug In the outer ring. The form shown at C is known 
as the "Lcektitc,” and is a single ring provided with a peculiar form of lap 
and dove tail joint. The ring shown at J) is kmovn as the "Dunham** and 
is of the double concentric ty|>c being compose<l of two rings with lap joints 
which are welded togelher at a point ojiposite the joint so that there is no 
passage by which the gas can escape. The Hnrd high compression ring 
is shown at E. The joints of these rings arc scaled by means of an II- 
shaped coupler of bronze which closes the oj>eiiing. The ritig ends arc 
made with tongues which interlock with the coui)ling. The ring shown at 
F is called the "ICvcrtitc** and is a thrcc-piccc ring composed of three mem¬ 
bers as shown in the sectional view below the ring. The main part or 
inner ring has a circumferential channel in which the two outer rings lock, 
the resulting cross-section being rectangular just the same as that of a 
regular pattern ring. All three rings are diagonally split the joints 
are spaced equally and the distances maintained by small pins. This re¬ 
sults in each joint being sealed by the solid iHirtion of the other rings. 

The u.se of a number of light steel rings instead of one wider ring in 
the groove is found on a number of automobile powerplants, but as far as 
known, this construction is not used in atrjdaue powerplants. It is con- 
tended that where a number of light rings is employed a more flexible pack¬ 
ing means is obtained and the ;>ossibility of leakage is reduced. Ring.s of 
this design are made of sijnare section sled wire and are given a spring 
temper. Owing to the limited width the diagonal cut joint is generally em¬ 
ployed instead of the lap joint which is so popular on wider rings. 

Compound and Unusual Piston Rings.—In automobiles and similar 
automotive vehicles, where rings of inch and inch width have been 
used, various forms of compound and two- and three-piece rings such as 
illustrated at Fig. 328 have been used. Compound rings are not well 
adapted to engines used fur aircraft because they are not as reliable as the 
simpler rings and besides, it i.s very difficult to work out a successful design 
to fit narrow grooves. Mr. V. M. Hcldt describes one of these compound 
rings in which there are two cast-iron rings at opposite sides of the groove, 
with a flat steel spring with radial corrugations in it l)etween them. In 
order to get the compound ring into the groove, the three parts have to be 
pressed together endwise, and once in the groove the steel ring forces those 
of cast iron against the sides of the groove. In most rings of this type the 
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contact surface between two members is inclined to the axis of the ring, and 
the radial pressure of one member creates both a lateral and a radial pres¬ 
sure in the other. One member is usually depended upon to effect the seal 
on the circumference and at one side of the groove, the other at the remain¬ 
ing side of the groove. 

Reports on the efficiency of such rings are at variance with each other, 
ft is generally conceded that they work well while new, though it is claimed 
by some that even then the friction of the ring against both sides of the 
groove exerts a certain damping action which makes it difficult for the ring 
to follow any inaccuracies ui the bore, such a.s a slight tapering from end 
to end. Opponents of this construction say that rings ($f this type have 
no “life.** It is, of course. <|Milc Conceivable that when rings of this class, 
comprising two or more jnVecs, are covered with carbon and gummed up, 
they arc mil as cfTicicnt ax when new and clean, hut ihis applies to all rings 
but to a lesser degree in one-piece rings. Perbaps the best proof of the 
efficiency of .such rings lies in the rapid increase in the number of <liffereiit 
designs un the market and tlicir use in auUnnubilcs. The fact that laterally 
expanding rings are not as free in the groove as single-piece rings is ad¬ 
mitted by the manufacturers of such rings, but they consider this to be an 
advantage rather than a fault, clainiiug that it tends to jirevcnt piston slap. 
Some of the rings, such as the Inland, are a unc-piece ring with a greatly 
exaggerated diagonal expansion slot. Others, such ax the Houblc Seal and 
I.eak Proof, are assembled of iiideptiidcntly machined members. Narrow 
ring grooves, as u.sed in aircraft engine pi.stiins are not favorable to the use 
of compoumi rings. 

Keeping Oil Out of Combustion-Chamber.'—An examination of the en¬ 
gine design that is economical in oil consumption discloses the use of tight 
])i.ston rings, large centrifugal oil throw rings on the crankshaft where it 
passes through the case, ample cooling fins in the pistons, vents between 
the crankcase chamber and the valve enclosures, etc. briefly put, cooling 
of the oil in this engine has been proiierly cared for and leakage reduced 
to a minimum. To be sjiecihc regarding details of design: Oil surplus can 
be kept out of the explosion chambers by leaving the lower edge of the 
piston skirt sharp and by the use of a shallow groove (C), Fig. 329. just 
below the lower piston ring. Small holr.H arc bored through the piston 
walls at the base of this groove and comnninicate with the crankcase. The 
similarity of the sharp e<lgcs oi ptsion skirt (D) and piston ring to a car- 
l>enter’s plane bit, makes their operation plain. 

The cooling of oil in the siiinp (A) can be accomplished most effectively 
by radiating ftns on its outer surface, though this calls fur the use of an 
aluminum casting instead of a pressed steel oil pan, now used on most 
automotive engines produced in quantities. The lower crankcase should 
be fully exposed to the outer air. A settling basin for setlimcnt (B) should 
l)e provided having a cubic ctmlent not less than one-tenth of the total oil 
capacity as outlined at iMg. 329. The depth of this ha.siii should be at least 
2>4 inche.s, and its wall.-? vertical, as shown, to reduce the mixing of sedi¬ 
ment with the oil in circulation. The inlet opening to the oil pump should 
be near the top of the .sediment basin in order to prevent the entrance into 
the pump with the oil of any solid matter or water condensed from the 
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products of combustion. This sediment basin should be drained after everv 
five to seven hours air service of an airplane engine. Concerning filtcriiii; 
screens there is little to 1)C said, save that their arcus should he ample ain 
the mesh coarse eiiimgh (one-sixiccnth an inch) to offer no serious iv 
sistance to the free flow of col<l or heavy oil Ihrnngb them; otherwise lf!» 
oil in the crankcase may build up above them to an undesirable level. Thi 
necessary frequency of draining and flushing out the oil sump differs greatK 
with the age (condition) of the engine and the suitability of the oil u^^ed. ht 
broad lertns. the oil sump of a new engine shonbl be thoroughly draiiu*] 
and flushed willi kero><'iie at the end of the first 20f) miles, next nt the end 



Fiff. 329.—Sectional View of Automo^le Engine Showing Method of Preventing Oil 

Leakage by Piston Rings. 

of 500 miles and thereafter every 1.000 miles. While these instruction- 
apply speciflcally to automobile motors, it is very go<i<l practice to chan^'i 
the oil in airplane engines frct|uenlly. In many cases, the best results hu\i 
been secured when the oil supply is comjilelely reiilenisheil every five hotn • 
that the engine is in operation. 
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Connecting Rod Forms.—The connecting rod is the simple member that 
joins the piston to the crankshaft and which transmits the power imparted 
10 the piston by the explosion so that it may be usefully applied. It trans* 
uirms the reciprocating movement of the piston to a rotary motion at the 
crankshaft. A tvjncal connecting nid group for a Vee-eiiginc and wrist- 
pins are shown at Kig. 330 A. It will be seen that it has two bearings, one 
■M cither end. Tlic .small cud is Imred out to receive the wrist])iu which 
joins it to the pi.ston. while the large end has a hole of siirflciciit size to go 
Mil the craiikpiu. The uir]>lunc ami automobile engine connecting rods are 



Fix. 330.—Illustration Showing Master and Link Rod Assembly of Good Modern 
Design. A'—Connecting Rod Assembly Used on Fiat A20 *'Vec** Engine. B^Master 
Connecting Rod and Two Link Rods Employed on Napier-Lion W Type Engine. 

nearly alvvavs steel forgings llmugh dn rain min forgings have alsi» been 
used successfully as well as built up tnlnilar rmls. Jii marine engines it is 
sometimes made a steel or high iciisile .strengih bronze casting. In all cases 
il is desirable to have .softer inelals than the crankshaft and wristpin at the 
bearing poiul, and for this reason the connecting rod is usually provided 
with bushings of anlt-fnclion or while metal at the lower ciul, and bronze 
at the upper. I'he iiiiiwr end vi the connecting rod may be one piece, be¬ 
cause the wristpin can be introduce<l alter it is in place between the bosses 
of the piston. The lower bearing must be made in two parts in all cases 
where one-piece crankshafts arc used because the crankshaft cannot be 
passed through the hearing owing to its irregular form. The rods of the 
Gnome rotary engine were all one-piece types, as shown at big. 127, owing 
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to the construction of the “mother" rod which receives the crankpins. Tho 
complete connecting: rod assembly is shown in Fijf. 311, also at Fip. 331 A. 
The “mother” rod. with one of the other rods in place and one about t(- 
be inserted, is shown at Fig:. 331 B. The built-up crankshaft which makes 
this construction feasible is shown at Fip. 3.31 C. The “mother" or “mas* 
ter” rod assembly with its link rods is a common type for radial engines 
because any number of rods, up to nine, can be conveniently groupoH 
around a central crankpin. The i^onpin^' of the connecting rods around u 
master rod in the Wright J5 Whirlwind motor is clearly .shown at Fig. 332, 
which outlines a cutaway section of the engine. 



Pia* 331 .^Connecting Rod end Crankihaft Conctniction of Early Gnome *'Mono- 

aoupape'* Engine. 

Some of the various design.^ of connecting rods that have been used in 
motors of various types are shown at Fig. 33.3. Thai at A is a simple form 
often employed in siiigle-cylnider molurcyclc motors, having built-up crank¬ 
shafts. Both ends of the connecting rod arc bu.sbecl with a one-piece bear¬ 
ing, as it can be assembled in place l>e(ore the crankshaft assembly is built 
up. In modified form this is the tyjie of rod used as a link rod in radial 
engines, but the upper and lower ends are usually the same diameter or 
bore. The pattern shown at B is one that has been used to some extent 
on heavy work, and is known as the “marine type.” It is made in three 
pieces, the main portion being a steel forging having a flanged lower end 
to which the bronze boxes arc secured by bolts. The construction w'oubl 
be much too heavy for aviation engines. The modified marine type de¬ 
picted at C is the form that has received the witlest ai)pHcation in auto¬ 
mobile and aviation engine construction where four or six cylinders are in 
line. It consists of two pieces, the main member being an alloy steel or 
dural forging having the wristpin bearing and the upper crankpin bear- 
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ing formed integral, while the lower crankpin bearing member is a separate 
forging secured to the connecting rod by b<ilts. In this coustniction bush¬ 
ings of anti-friction metal are used at the lower end. mid a bronze bushing 
IS forced into the upper or wristpin end. The rod shown at D has been 
widely used on stationary engines and sonic early automobile engines. It 
similar in construction to the form shown at C, except that tlic upper 
end is split in order to ]H*rmit of a degree of adjustment of tlic wristpin 
Inishing. aiicl the lower bearing caji is a hinged member which is retained 
hy one bolt instead oi two. When it is <lcsiru<l to assemble it on the crank- 
diaft the UiwiT cup is swung to one side and brought back into place when 



Fig. 332.^Part Sectional View of Wright ** Whirl wind** Motor, with Crankcase Cover 
Removed, Showing Construction of the Master Connecting Rod and Link Rod 
Assembly, Also Method of InttaUation on One Piece Crankshaft Made Possible by 
Split Big End Design. Note Safety Wiring of Connecting Rod Cap Clamp Bolts. 

ihe connecting rod has I'eeu pr(»pcrly located. Somclimcs llie lower bearing 
member is split <liag<>nally instead of horizontally, .such a construction be¬ 
ing outlined at E, but this is seldom found in modern engines of any type. 

In a number of instances, instead of plain bushed bearings anti-friction 
forms using ball or rollers have been used at the lower end. A ball¬ 
bearing connecting rod is shown at F. The big end may be made in one 
l>iece, because if it is possible to get the ball-bearing on the crankpins it 
will be easy to put the connecting rml in place. Hall-bearings are not used 
very often on connecting rod big ends because of difficulty of installaliou 
and the severe loading, though when applied properly as main crankshaft 
bearings they give satisfactory service and reduce friction to a minimum. 
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One of the advantages of the hall- cir njller-hcariiiff ta that it requires no 
adjustment* whereas the plain Imshini^s clejiicted hi the iithcr connecting 
rods must be taken up from time In time to compensate for wear. 

This can be done in forms shown at B* C, D, and E by bringing the 
lower bearing caps closer to the tipper one and scraping out the babbitt 
metal lining to fit the shaft. A number of liners or shims of thin brass or 
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copper stock, varying from .002 Inch to .005 inch, arc sometimes interposed 
t>etwecn the halves of the hearings of automobile connecting rods when 
first fitted to the crankpin. As the brasses wear the shims may he removed 
and the portions of the bearings bronghi close enmigh together to take up 
any lost motion that may exist, though in mo.sl aviation engines no shims 
are provided and depreciation can be remedied only by installing new lin¬ 
ings and scraping to fit. 

Connecting Rod Sections.—Tbe various structural shapes in which con¬ 
necting rods are formed are shown in section at G. Of these the I section 
is most wiilely ii.sed in nirjdanc engines, iHvaiisc it is strong and a very easy 
shape to form by the drop-forging pr^icess or to inncbinc out of the solid 
l)ar u hen extra gmul steel ts iise<l. Where extreme lightness is desired, as 
in small high-spee<l motors used for cycle prujud.sion, tlic section shown at 
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Piff. 334.«Double Connecting Rod Assembly Using Blade and Pork Rods for Installa¬ 
tion on Single Crankpin. When Opposite Cylinders Have the Same Center Lines. 

the extreme left is often used. If the nnl is a cast member as in some 
marine engines, the crtiss, holh»\v cylinder, or U sections are sometimes 
used. If the sections shown at the right are cmi)loyed. advantage is often 
taken of the opportunity for passing lubricant thremgh the center of the 
hollow round section on vertical motors or at the boiiom of the U section, 
which would he used on a htirizontal cylinder powerplant. It will be ap- 
]>arent that any hollow section structural shape could be employed in built- 
up rods for aviation engines and it often is. Forged steel end pieces are elec¬ 
trically butt welded to an alloy .steel connecting tube and a very light and 
^‘trong rod is obtained that gives (he added a<lvantagc of providing an oil 
l>a8sagc through its ccnier. 
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Connecting Rods for Vee Engines.—Connecting rods of Vcc cngine*^ 
have been made in two distinct styles. The forked or “scissors** joint roi: 
assembly is sometimes employed when the cylinders are placed dircctl\ 
opposite each other. The “blade** rod. as shown at Fig. 334. fits betweer' 
the lower ends of the forked rod, which oscillate on the hearing which en¬ 
circles the crankpin. The lower end of the “blade** rod is usually attached 



Fig. 33S.«P«rt Secdonal View of Early Renault Twelve'Cylinder Water-Cooled “Vee* 
Engine Showing Connecting Rod Conetniction and Other Important Internal Parts. 

to the bearing brasses, the ends of the “forked** rod move on the outer sur¬ 
faces of the brasses. Another form of rod devised for use under these con¬ 
ditions is shown at Fig. 330 and installed in an aviation engine at Fig. 335. 
In this construction the shorter rod is attached to a boss on the master rod 
by a short pin to form a hinge and to permit the short rod to oscillate as 
the conditions dictate. This form of can be easily adjusted when the 
bearing depreciates, a procedure that is difficult with the forked type rod 
Another practice is to stagger the cylinders and use side-by-side rods as is 
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done in the Curtiss OXS engine. Each rod may be fitted independently of 
the other and perfect compensation for wear of the big ends is possible. 

Rods for W and X Engines.-^ln engines w'here three banks of cylinders 
are used, as in W engines or where four banks are utilized, as in the 
I’ackard X engine, it will be apparent that any staggering of cylinders to 
])lacc the rods side by side would be very difficult and would call (or crank- 
of considerable length and make an unwieldy and long engine. For 



Fif, 336.^The Unconventional but SubeUntial and Practical Conneedng Rod Aaaem- 
bly Detigned for the Packard Twenty>Four>CyUnder X Engine. Note that the 
Preaaure of Pour Pistona is Received by One Crankpm Bearing. 

this reason, the connecting rod arraugenienl shown at Fig. 230 B is used 
on Napier Lion engines. The main rod has two sets of ears to support the 
lower end of the link rods. The unusual design of the Packard connecting 
rod assembly shown at Fig. 336 is necessary because four hanks of cylinders 
Jn X arrangement are used. This comprises a master rod forging with the 
upper bearing cap forged integral, the lower bearing cap being bolted to it. 
The link rods are yoked and fit lugs extending from the bearing caps. 
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Rods for Radial Cylinder Engines.—When radial cylinder engines an 
used, the connecting rod arrangement is very simple and in any single ntw 
engine or single crankpin design, all center lines may coincide, i.e., all cvl 
inders may be on one plane, no off setting from front to rear being nece^- 



Pig. 337.^The Master Connecting Rod Uaed on the Pratt & Whitney “Wasp 
Engine Has a Solid Big End Bearing. One of the Link Rods is Shown Installed 
to Show Relation in the Assembly. Seven Other Link Rods Radiate from the B>i; 

End. but These are Not Shown in this Illustration. 

sary. Two methods of rod construction arc followed, these relating to tiu' 
master rod. The big end may he a sidil hearing tyi>e as in the Wrigh' 
Whirlwind illustrated at Fig. 332 in which a one-jdece crankshaft is used (^ 
the connecting rod may he a oiie-piecc construction and the crankshaft 
made in two pieces to permit assembling the big end on the crankpin. Thi' 
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fratt & Whitney Wasp enpne uses a built-up shaft and a one-piece big 
end, which is shown clearly at Fijf. 337. The use of a sin^lc-picce rotl per- 
jnits of hi^fher engine specHls than arc possilde with the divUlcd big end 
omslniction and makes jK)Ssiblc the u»e of geared engines as in the Bristol 
Jupiter, which is a large radial air-cended engine running at high si>ced. 

The lifuiUtions imposed on rotative spee<l by split rml ends arc recog¬ 
nized by radial engine designers Inii in direct drive engines, the propeller 
i fTiciency is really the liniiling factor and s)>lit big ends on master rods, as 
in the Whirlwind engines dn not limit the speed which is as high ns efficient 
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Pig. 33B.«^ectJona] View of the Crenktase of the Siemene Engine, Showing Ssteneive 
Uae of Anti-Pnetion Bearings for Carrying Crankthafe, Caro Ring, and Connecting 

Rod Big End Bearing Loads. 



propeller designs can utilize when inountH directly on the crankshaft. In 
.1 discussion on the subject lief ore the .S. A. K.. Mr. C. L. Law ranee, inter¬ 
nationally famous ns the designer of the Whirlwind ciiginc.s stated he be¬ 
lieved that engineers have only just begun developing speed possibilities of 
radial cylinder air-coolcd engines. He admitted that with the type of con¬ 
necting rod held together by four holts many difficulties uiuUiubtedly would 
develop at unduly high engine-speed, such as scuffing of the parts and 
breakage of the holts, but with a one-piece connecting rod. in which no 
localization of stresses occurs due to the forces having to ]>as.s through the 
bolts, the construction is much stronger than the standard connecting rod 
of a water-cooled engine. Mr. Lawrance doubted very much whether any 
more trouble due to connecting-rod failure will occur in running a radial 
engine up to high speeils than occurs with water-cooled engines. Experi- 
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ence has shown that we can run them up to somewhat hifjh speeds or 2,20C' 
r.p.m. and he thinks we have only bcpfun to develop the possibilities. Tht 
loading on the bearing of a radial engine crankjnn does not remain in thi 
same place but travels around the circumference of the bearing, so that 
during the nonexplosion strokes and two revolutions of the crankshaft thr 
load has traveled twice around the bearing. If proper cooling is furnishe<l 
for that bearing, no reason exists for its failure, whereas in a Vee-tyiw 
engine the load i.s su.stained in much the same place all the time. 

The design of connecting rod shown at Fig. ^^7 olTers several advan¬ 
tages that make it well suited to high-speed engines. In the first ]dace. In 
pouring the bahliitl or alloy hearing metal directly into the solid big end. 
excellent heat conductivity is <ihtaincd. The holc.s ior the lower hearing 
pins of the radial link rotls can he brought chiser to the hearing than in a 
boiled big end construction and the weight of the big cud assembly corrc« 
spondingly reduced. 

Ball and Roller Bearing Connecting Rods.—Anti-friction bearings have 
long been used to a limiled c.xteut in connecting rod bra<ls—in recent yoar^ 
particularly in engines of racing cars. The majority of motorcycle cngiiio 
built in this country have such bearings, and a ttmeh timeliness is lent 
the subject hy the announcement that the Maybach engines of the YAi^ have 
only roller-hearings on the crankshaft. The radial cylinder air-cooled en* 
gincs also use ball-bearings for crankshaft support and in some cases, 
exemplified by ilie biemens engine, ball-lieurings are also used in the h(^ 
end bearing of the master connecting ro<l as shown at Fig. 3.^. 

An article embodying an analysis of the problem referred to and a re¬ 
view of the ])rofK>sed and ajiplied solutions was recently published by J 
Dauben in !)cr ^fotom*og<'n, and the following information <in the subject 
is abstracted from that article. He first refers t<i the rather unfavorable 
conditions under which the roller-hearing has to work in the connecting 
rod head. The rollers in such a bearing have a dual motion, including a 
rotary motion around the axis of the crankptn and a planetary motion 
around the axis of the crankshaft. They are subjected to centrifugal forces 
due to both of these nuitioTis, and the resultants of lbr.se centrifugal forces 
on the rollers in the different positions arc indicated in Fig. 339 A. Tlicsc 
forces are of a magnitude w^hich is far from being negligible, and in tins 
connection it may be mentioned that at 3,OCX) r.]).m. and a stroke of buir 
inches each roller is subjected to a force practically SQO lime.s its oun 
weight, pressing it outward. In addition, the cage is subjected to a similar 
force which is transmitted to the rollers and must add materially to the 
friction. Another factor wdikh has an unfavorable influence on the opera¬ 
tion of a roller-bearing in the connecting rod head is that the rolling motion 
of the roller is nonun if onn, due to the oscillating motion of the rod itself 
This involves accelerations and decelerations of both the rollers and lin¬ 
eage, and causes consnierable friction between roller and cage. 

Owing to the fact that the forces which have such an unfavorable in- 
fiuence on the rollers and cages arc directly proportional to the weights of 
the parts, these |>arts must be held as small as possilde. This also is the 
reason why ball-bearings are out of the ejucstion for this purpose in ver) 
high-speed engine.s as for ecpia] carrying capacity balls are materially 
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heavier than rollers. It is advisable to keep the rollers down in diameter 
to inch), without, however, overtaxing thefr carrying capacity. It 
is also good practice, especially in view of the nonuniform motion of the 
connecting rod head bearing, to keep the diameters of the races as small 
as possible and for this reason it is usually best to do without special inner 
races and let the rollers run directly on the hardened crankpin. Ball* 
bearing manufacturers usually advise against this practice, because they 
prefer to sec staudanl liearitigs useil. but e.xperiencc has shown that where 



Ceotrifuaal farces an the roMers of a 
roller beormg on the connecting rod heed 



Cegeless roller bearing 
(British Triumph. GereMi) 



Roller bearing of a V • type 
motorcycle engine (Indian. 
Harley * Davidson. Mabeco) 


Pig. 339.—View at A Shows the Centrifugal Forces on the Roller Bearing of a Con¬ 
necting Bod Head. B—Cageless Roller Bearing Used on Triumph (Bridah) 
Motorcycle Engine. C^Boller Bearing Oceign on *'Vec'’ Type American Ifotoreycle 

Engines. 
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the proper gra<le of steel is selected and it is suitably hardened the crankpin 
can be used for a roller race without hesitation. 

Great importance attaches to the use of rigid and accurate cages. Su 
far massive cages of a lough bronze have given the best service. However, 
since reduction of weight is es.sentiaU for the reasons enlarged upon in the 
foregoing, the use of light metal, and c.sfjccially of magnesium alloy, is 
promising, even though the results ohtnine<l with it have not always been 
satisfactory. With one-piecc crankshafts it is lufccs.sary to make the cage 
in four parts, which must he so designed as to overlap one another and 
must be bolted or riveted together. The cage must he* as so inh led directly 
on the crankshaft, which is a great hindrance in f[naniity production. An 
all around satisfactory design for r<»ller-hearing connecting rotl head for 
autonuilivc engines has not hecn develojicd as yet, but .scmic progress in 
this direction is noticcnhle. especially in the hehl of small engines. 

In order that roller-hearing connecting ro<i heads may give satisfactory 
service it is essential that a reliable oil feed he provided for them. In so- 
called moderate duty engines, such as those of slock autcnnohilcs, sjdasli 
lubrication may suffice, hut it certainly d(»cs not in racing engines, which 
often must run at high speed untlcr full thrtitllc for hotir.s at a lime. The 
only reliable method of feeding oil to the connecting rod hearings of avia¬ 
tion engines is by pressure through a drilled crank-shaft. 1'his .system has 
proved the most dcjiendahlc in conncclirm with smiM>th hearings, and as 
there is considerable sliding friction also in connecting rod rcdlcr bcaring.s 
these bearings slmuld he as thoroughly lubricated as smooth hearings. 

Roller Separators Ifnportant.*»Thc simplest form of crmnccting rod 
head roller bearijig is that without cage, as rcjircsciiied in Fig. 339 11. *riu' 
rollers are of small diameter and comparatively long, and they run directly 
on the hardened crankpin and in the ccmnecting r<»d hca<I. It important 
that they fill up the space with only very little clearance so that they will 
not hammer against each other with great force and canm»t *‘cock.** The 
only disadvantjigc of ibis tyfic of bearing is that the r<dlers have a tendency 
to *‘cock’' and break and then generally destroy the entire hearings. This 
cageless connecting rod bearing has given excellent service in a innnber of 
British an<l American cycle engines. An impriivcnicnt uihmi the l>cari(ig 
just described is represented by that shown in Fig. 3.F> C which also is used 
in cycle engines (of the Vcc type). Here also the rollers run directly on 
the har<lened crankpin, while the outer races are pressed into the connect* 
ing rod head. The rollers, which are 34 *”ch in diameter and inch long, 
are inserted into solid bronze cages, of which there are two for each rod. 
One side of the cage is open and the difTerent cages are so arranged that 
an open and a closed side are always together. At the ends there arc 
hardened steel discs, the same as in the design shown at A. Lubrication 
through the pin is provided for, hut the radial holes are not located in the 
path of the rollers but between them, as that would result in the rollers 
wearing depressions in the hearing surface owing to the reduced bearing 
surface. 

Method of Using Standard Bearings.—Another example from motor¬ 
cycle practice is shown in Fig. 340 A. Standard roller bearings are used, 
the outer races being a free fit in the unhardened rod, so they will slowly 
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travel around and dislril)ulc any wear over the whole surface. In order to 
hold the conneclinjf rod against lateral forces, a wire rinp Is let Into a 
^n f«ive turned into the two ouler races. An intercsiinj; feature consists of 
rhe sprinp: steel conical washers which hold the inner races in an axial 



Hotter betrinf with up«r«tf cranfcpin Roller bosNng with cylindrical 
and flexible washers (Colofne cranhpin (Bolle Fkadlerl 

Motorcycle Works Frens Geckar) 



Connecting rod need split at en enale Connectint rod head witn V type 
(Proposal by Fichial G Sachs) joint (Bugattl racing angina) 


Fig. 340.^German Design Using Standard Roller Bearings In Connecting Rod Big 
End. B—Design in Which Crankpin Acts as Inner Race of RoUer Bearing. C—Ger¬ 
man Design Showing Connecting Rod Head Split at an Angle. Ueing Solid Rolls. 
D^Connecting Rod Head with Vee Type Joint U»«d on Bugatti Racing Engine. 
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direction without hindering the tightening up o( the flywheels on the crank 
pin. In this design, in which the inner races are mounted on extension 
of the flywheel hubs, they must he made a loose fit in the flrst place* he 
cause drawing up of the nuts on the crankpin expands the hubs and thn.- 
results in a tight fit. 

A metliod of construction used in automobile practice is shown in Fig 
340 B. The particular feature of this design is the method of fastening tin 
crankpin into tlte crank arms. The hollow crankpin has a cylindrical fn 
in the arms, and its ends are cut with four saw .slots ami are expanded inu* 
the arms by means of tapered plugs and nuts. Keying of the joint helween 
the arms and the pin was found unnecessary. A similar joint Is used he 



Pis. 340E.»PUn Section Drawing of Caminez Engine that Uses Cam Instead of 
Crinkihait for Operating Pistons. Note Use of RoUer Bearing as Cam Follower. 

tween the arms and the main journals, bnt in this case keys are used. An 
advantage of this construction is that it is possible to keep the longitmiinal 
dimensions of the crankshaft accurate, which is not possilde if the ordiiiarv 
tapered joints arc used. The construction is a very expensive one, how 
ever* e ven though it makes the use of antbfriction bearings possible at ah 

sile and aviation engines there is 

^haft in 
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a singfl« forging, and attempts to make |)ossib)e the use of roller bearings 
in the connecting rod heads of such cranks have not been wnj>ting. Thus 
Robert Conrad, in 1903, devciojjcd a design of crankshaft in which the crank 
;vrms were of round section and substantially the same diameter as the 
crankpins, so that the unsplit connecting rod head and the cage could he 
stripped over the crank from one end, the rollers evidently being filled in 
hy the eccentric method, Oifliculties arose in connection with the casc- 
liardcning of the bearing surfaces and the assembling of the connecting 
rods with the crankshaft. 

Split Connecting Rod Big Ends.—To facilitate assembly it is necessary 
Id split the connecting rtn\ hear!, anti in order to obviate difficulties due to 
ilisconliniiity of the bearing surface for the rollers, in the design shown in 
I'ig. 340 C* the head is sjdit at an angle. One objection to this construction 
i« that the connecting rod bolts are working under rather unfavorable coU' 
rliiions; another, that the slightest axial nmvement between rod ami cap 
ifinnvs the bearing surface <»nt of mund. An improvement on this design 
ts shown in I'ig. i40 D. where the joint between the rod «an<l the cap is Vee- 
slia])ed. Here the cap is held rigidly in jHisilion against endwise movement. 

course, in nil of these constructions the rod ninl cap must he ground out 
together. an<i it is profiahly also the best plan to liarden both jnirts wliile 
l>oltc<l together. In .<piie of these various jirecanlions it is still very difficult 
to secure an accurate round bore in a two*parl c<innccting r<»d head. The 
joint, moreover, still presents un niisfdve<l pndilcin ainl while such a joint 
N\j)l give results of varying value with rollers, it cannot be used at all if 
l>ali*hearings arc cniploycfl and steel balls must ahvuys run in tracks or 
races witluuil joitUs. When eilhcr of the construclions ahriwn at C or D 
are used, the use of rollers is imperative. 

Rollers Used as Cam Follower in Unusual Engine.—An unconventional 
nictluHl (»f ]H»wer application is sliow'ii at Fig. 34t) K, where a novel use is made 
df roller Inrarings which arc of standard sire and manufacture. 

In the Fatrchild-Caminex engine, the four cyliiider.s are arranged 
radially alMinl a central rotatable cam as shown in Fig. 340 E. 'rhis 
cam is of the double IoIksI l\|>e. sha}Hxl generally like a figure 8. A roller 
U'aring is niiumted in each piston, the outer race »»f which acts directly upon 
this drive ram. Adjacent pistons arc connected by a system of links, the con¬ 
tour of the drive cam l>enig st» doigned lluit thc.se Ifnk.s innintain the piston 
ruller.s in ccmiinnal contact with the cam. 

The MckIcI 447-H engine is a four-cvlinder radial engine of the recipro¬ 
cating piston ty|>e qiernting *«» the four-str«»kc cycle. ‘I'lie engine employs 
die Faircinid-Caniinex drive cam mechanism in which nciprocaling motion of 
the pislims is converte<l into r(Har>' motion of thi* proi>ellcr sluift by means of 
rollers in the piston 0 |)cnuing on a double IcHicd cum. I'Ik* ua-chuuism is such 
that each pi stun comjiletcs f<*nr sir<'kes per rcvolulujn of the pro] idler shaft. 
With the f(Hir stn^NC cycle that is usi^l each piston. Ihcrefurc, completes a 

power stroke cverv revolution of the sliafl. It is due to this tliat a high power 

# 

^'Utput is obtained per aibic inch of piston displacement at a low propeller speed, 
the shaft S|)ecd in this engine lieing onc-haJf that of a crank engine of equal 
jnston displacement fur the same jjower output. 
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The main shaft of the cnjjinc is a slraight aUuy steel shaft to which tin 
drive cam is splined. This sliaft is supported in the engine case at the reai 
end by a roller bearing. The front main shaft liearing is a dcqi groove raclia! 
ball bearing which takes all the thnisl load on the shaft and part of the axini 
load. The center plain Ixaring on this shaft is fitted willi large clearance 
that it takes but little of the axial kt:id and acts mainly as a«means of trails 
mitting the lubricating oil from the case to the shaft, from where it ib di^tritmicij 
throughout the engine. 

QUESTIONS FOR REVIEW 

1. Why are aluminum viMmi't bt*uiT than ca^t inni hir aircralt motors? 

2. What is the sinitOcM nictluxl of wnstpm 

3. What i$ a strut type jnston; a slipper piston' 

4. Outline tempera 111 res at various parts o( a pislun 

5. What 19 the property of alumnmin that makes it suiuMe (or piston use ilesjuir 
its low melting point? 

6. Wlint <]<>e«i the slot in the skirt of a pislon fh>? 

7. What causes pisti»n slap? 

8. Why is the allowance for expansion ihlTcrrnt in alloy luvtons than in cast iron 
and how does it difTcr? 

9. Why are pisUui rings used? (junpare (he two main tytn*^. 

10. What is the best material for pislon rings ami ohv' 

11. Describe various forms of compoiind piston nngs ami Male wliy they arc iimI 
generally used in aircraft engines. 

12. How are comieelmg rtuls made fi>r V and W engines*' 

13. Describe connecting n«l assrnihly of typical Malic riulial engine 

14. Whal arc the dtsadvantages of antiMrieiioti hearing hig ends iti cuiincciing nnh? 

15. What is the best materlal for conncclmg rods? 
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CRANKSHAFT AND CRANKCASE CONSTRUCTION 

Influence of Cylinder Number on Crankshaft DesiftwTwo Cylinder Engines—*Pour 
Cylinder Engines—Six Cylinder Aviation Engines—Anti vibration Devices—The 
Ricardo Device—Aircraft and Auto Engines Different—Crankshaft Construction— 
Counterbalanced Crankshafts—Antifriction Bearing Crankshafts—Radial Engine 
Crankshafts—Securing Engine Balance Important—How Engine Parti Are Bal¬ 
anced—Firing Balance Important—Norm^iaed Stee^Camshaft Influence on 
Crankcase Design—Engine Base Construction—Special Requirements Dictate 
Crankcase Design—Radial Engine Crankcases—Packard X Engine Crankcase- 
Antifriction Bearings—Lightness of Construction—Msterislt Used in Engines 
Properties of Aluminum Alloys—Cylinder snd Crankcase Retention Bolts—Alloy 
Steel Bolts—Heat Treated Carbon Steel Bolt^-Hardneu Testing Methods 
The Brinell Test—The Scleroscope Method. 

ItiBuence of Cylinder Number on Crankshaft Design.—The mimber and 
location, or rather arran^cfnctit of cylinders has a material influence on 
crankshaft and crniikca.sc design, the flcsltfn<‘r having’ no ch<Mce ahiUJt the 
type or Icngtii of crankshaft to he u^c<\ once he dclcrniines the number of 
cylinders he will use and how he inlctids to place them. When he designs 
•I four- or six-cy]iii<ler engine of the conventional in-line form he can be 
guide<l largely by previous auloinobilc practice but when he starts to lay 
uut an engine of eight (►r more cylincicrs. a variety of cylinder arrangements 
liresent themselves. An eight-cylinder engine may be a twin four in Vee 
arrangement au<l a Inn elve-cylintler may he a twin six in Vee arrangement 
or a W tyjie with three hanks of four cylinders each. Engines with an odd 
iiumber of cylin<]ers must be ra<lial engines with the possible exception of 
the throe-cylindcr which can abo he an in-line form, hut five, seven and 
nine cylinders must have a radial arrangement to secure an even firing 
nrder. The reasons why engines of varying number of cylinders are used 
should be given cnnsideraluw before the influence of cylinder number on 
crankcase and crankshaft design is considered. We will consider the varb 
uus iMJssildc convenlioual cylinder arrangements in order. 

Two-Cylinder Engines.—Tlic sim])lest form of motive power suitable 
for aircraft use Is the two-cylinder horizontal-opposed engine. From the 
standpoint of mechanical balance this engine was greatly superior to the 
twin-cylinder Vee-type, used in motorcycles, as will ai)i)ear by reference to 
big. 341 h, where the inertia forces due to the reciprocating parts have 
hecn graphically shown, the forces acting on one pisttm being at all times 
offset by an equal and opi>osite force acting on the other piston. However, 
there is still a couple about tbe center of the engine which interferes with 
perfectly smooth running. This couple is shown in Fig. 341 A, and is the 
result of the offset relationship between the two cylinders. When used in 
automobiles the individual power impulses at the lower speeds were still 
uncomfortably apparent in larger sizes and in the matter of flexibility there 
was much to be desired. Lubrication and carlniretion problems also were 
responsible for abandoning the iwo-cyliiuler horizuiilal engine for the four- 
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cylinder type. Furthermore, with a fixed chassis width the two-cylinder 
apposed engine could not meet the demand for more power and conse- 
tiucntly larger engines in automobiles. The same holds true in airplanes, 
the fuselage width limiting to some extent the size of a two-cvlinder engine 
that can be conveniently installed. T.ow-powercd. high-speed aviation en¬ 
gines of the two-cylinder opposed type are operative but about twenty 
horsepower per cylinder seems to be the practical limit beyond which it is 
not desirable to go. 

Four-Cylinder Engines.—A three-cylinder engine was featured in two- 
cycle engines and in at least one case in a four-cycle engine, but it was soon 
realized that the four-cylinder vertical four-cycle engine had many advan- 
lage.s, the chief of which can be summarized as follows: The impulse 
frcifucucy is fairly satisfactory, fbcrc being two exiil<»sirms ]icr revolution. 
The engine is compact anrl accessible aiul can be built In units giving rather 
high horsepower, the crankshaft is sturdy and easily manufactured and the 
problem of distributing the carl)urettccl mixture is particularly easy to 
solve. This is due to the symmetrical arrangement of the inlet manifold 
that IS possible owdng to the absence of overlapping suctiem impulses. The 
limiting factor is vibration due to the inertia forces not being cancelled out 
.ns in tbc six-cylinder engine. This can be.st he understood by reference to 
hig. 342 A, which shows ,1 condition connuon to till four-cylinder engines 
with cranks at IW) degrees. When one pair jnsiotis is in mid-stroke 
position, the other pair occupies a lower position, the extent of this <!ifTcr- 
dice depending upon the angularity of the c<»nnecting uk\. .Since the inertia 
forces acting on the pistons vary' with dilTcreut |K).sitions in the stroke, it 
In clear that the forces acting on the pair of pistons in mid-stroke arc not 
wjual and opposite to those acting on the other pair. The diagram of the 
inertia forces in a four-cylinder engine, prcpa.*ed by C ol, J. G. Vincent, 
shown in I'ig. 342 B clearly indicates the relative value of these forces at 
different crank angles and the extent to which they cancel each other. The 
resultant force shown is, of course, obtained by combining the two curves 
and represents the net ciut-of-balance force which, acting on the engine as 
a unit, produces vibrations having a periodicity coincident with the several 
IMiwer impulses. 

At certain engine speeds a synchronous vibration is produced which 
results in a disagreeable sensation. This is, of course, more ]>ronounced 
in the case of large four-cylinder engines in which these vibrations occur 
?md are said to coincide with the ‘*|>enod** of the engine and the cause 
<'f these periods can be readily uiiderstinKl hy a siin])le aii.alogy. It is well 
known that a very slight jiu.'ih given at just the right time will keep a 
swing or pendulum oscillating, whereas the same force applied at certain 
other times will tend to slop it. When this situation was realized, attempts 
were made to minimize the out-of-l>a1ancc contlition. Reciprocating parts 
were lightened, as by using aluminum pistons and dural rods, and connect¬ 
ing rods were lengthened, it being understood that decreased angularity 
of the connecting rod. as shown in Fig. 342 A, tends to bring about better 
balance conditions. Lanchester. in England, must be credited with some 
very ingenious work which had for its object mechanism which would 
generate forces at the right time to offset the unbalanced forces in a four- 
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cylinder engine, and which is shown at Fig. 344, and, had it not been fu 
the demand for more flexible and smoother engines, there is little doubt Xha 
the four-cylindcr out-of-balance conditions would have been overcome in . 
practical way by Midi mechanism. 

Six-Cylinder Aviation Engines.—The next step forward was the si\ 
cylinder engine atui it iinniediaiely answered the demand for more powci 
more flexibility, more frequent power impulses and grcatiT smootlino*- 




Ftg- 342.—Dia^ams Showing the Cause of Unbalanced Forces in a Four-Cylinder 
Engine. Comparison Between Short and Long Strata Types Shown at A. B Shows 

Inertia Force in a Pour-Cylinder Engine. 


which is primarily due to the inherent balance of the rotating and recipro¬ 
cating parts. The diagram of inertia forces in a six-cylinder engine, shown 
in Fig. 343. clearly indicates the relative value of these forces at differed 
crank angles and how they cancel out. due to the location of the crankpitu 
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al 120 degrees with relation to each other. The resultant force is, of course, 
ibtained by combining the three curves and graphically rcj)rcscnts the per¬ 
fect balance obtained by this arrangement. The six-cylindcr engine is un- 
Houbtedly a type that will he rejirescnlcd for years to come iu automobiles, 
fiwing to its inherent advantages; however, there are certain disadvantages 
which may be termed constructional that set definite limitations m its de¬ 
sign. and its application to aircraft. The crankshaft of a six*c)’lindcr engine 
IS necessarily long an<l space ami weight liinitati<ms do not permit of the 
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Fig. 343.*^Diagr«m of Inertia Force in Six-Cylinder Engine Showing Superior Balance 

Obuined by the Use of that Number of Cylinders. 

sliafl being made as rigid ns could be desired. Tn acluni j»raclice. therefore, 
there i.s a certain anioniit of t^criodic twisting of the craiikshafl which is 
compensated for in atiloniobilo engines by various systems of counter- 
halaticcs or by using vihratiim danii>enrrs of various types. Tn aviation 
^•egines, the materials and proportums of the .shaft are such that the twist¬ 
ing is reduced to a point >\herc it is md objcclionahic in the power range 
III which six-cylinder engines arc usually huilt. 

Anti-Vibration Devices.—This vlbrnthm aspect of four-cylinder engine 
design wcuild nujrc proiKrly be termed improvement in means for reducing 
engine vihratitm. since vihralion i.s by no means climiiia(^<1 when complete 
balance Is obtained, a fact \>ell kmmii to most *lcsjgriers, of six-cyliiulcr and 
cNcii Iwelvc-cvliiuler engines, so vibration is not only found in the simpler 
types. In respect to engine balance prr /e, the ixisition to date is that en¬ 
gines with two, four, six, eight or twelve cylinders, are or can he completely 
balanced in respect to primary and secondary unb.alanced forces and 
couples. The six- and twelve-cylinder engines are of course inherently 
balanced; the four- and eighl cylinder need the ai^plication of a device for 
neutralizing the secoinlary iinhahiiiced forces. Fig. 344 shows the Lan- 
chestcr anti-vihrator. and Mg. 345 the Ricardo secondary lalancing device, 
each of which is elTcctlve in automobile engines, The principle of the Lan- 
Chester device is that of two reverse-rotating boh-weights that apply equal 
and opposite forces to the secondary inertia forcc.s set up by pistons at the 
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end of each stroke, the bob-weights rotating at twice the engine speed. A 5 
the energy content of the bob«weight system is constant at a constant speed, 
the only force required to drive the device is that arising from the frictioii 
of the bob-weight s])ind1es, so that the driving mechanism is merely u 
motion transmitter. When the engine is accelcratetl or decelerated, looili 
pressures of material n>agnitit<le arise, but can l>c dealt with easily in the 



^•etion $«cti0n 



Fig. 344.—Diagram Showing Construction of Lanchetter Anti-Vibrating Device for 

Pour-Cylinder Engines. 

design of the driving gearing. The peripheral speeds of the gears is 90 feet 
per second at an engine speed of 3,000 r.pm.. approximately the same as 
with many turbine reduction-gears in daily use, where, in addition, the 
tooth pressures are exceedingly high. 

The Ricardo Device.—The Ricardo device shown at Fig. 345 is based 
upon the principle of introducing reciprocating masses driven by linkages, 
producing the same angular effects in respect to inertia with these masses 
as the connecting rod crank system produces with the pistons. It is ex¬ 
ceedingly ingenious. The conditions under which the pin-joints in the 
linkage systems work are no worse than those of the piston-pin, and al¬ 
though the device appears a little complicated, it is simple in detail and 
works well. It has not, however, the advantage of ready application to 
existing designs possessed by the Lanchester anti-vibrator. Whatever ef¬ 
fect counterbalancing a crankshaft may have in reducing bearing loads, it 
certainly docs not affect the balancing of secondary forces one way or the 
other. The only virtue of crankshah counterbalancing, the addition of 
balance weights to the crank webs $0 that each individual crank and at¬ 
tached rotating masses may be balanced, is that wear on the main-bearings 
of the crankcase can be greatly reduced and the crankcase itself reduced 
in weight very considerably because fewer main-bearings are needed. 
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ENGINE BALANCING MECHANISM 

The whipping tendency or “skipping-rope action*' of an unbalanced 
crankshaft, particularly in a six-cylinder engine, seta up very heavy bearing 
loads and crankcase stresses, so Chat counterbalancing may l>e very desir- 
al)lc in engines with center crankshaft bearings. The use of counterbalance- 
weights should he accumpanied hy an increase in crankshaft diameter, 
owing to the torsional mass effects of the balance-weights. 

As any expedient which increases weight without jiroducing a useful 
return in power is undesirable in airplane engines, conntcrl>alances and 
aiin-vibration devices are seldom iise<l in uiqdanc engines excejit in the static 
radial forms where a numlx*r of nmnecting nxh are joiiK'd ic» one crankpin. 



Pig. S45.-^The Ricardo Pour-Cylinder Engine Batancing Mechanism. 


Aircraft and Auto Engines Different.—When we consider aircraft en¬ 
gines in relation to the desirable number of cylinders and their Vee arrange¬ 
ment we are faced with altogether different problems. Although the air¬ 
craft engine owes its origin to the passenger-car engine, there is little in 
common between the two types. For instances, low weight is a prime 
consideration for aircraft work: in a car it is of secondary importance. The 
radial cylinder air-cooled engine that is so widely used in aindanes is a 
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type that could not be used m motor cars because of diffictilties met with $ 
mstaUation and cooHn?. Noisy operation is not a handicap with the aeri 
nautic enpine. since the propeller noiae will always he a bar to silent oper/i 
tion of the p4)weri»l.'inl, whereas ([uiet operation of the passeiiRer-car engiiv 
is one of the j)oinls most sought. Good fuel eronomy under full load is . 
prime requisite for the aeronautic engine, in the passenger*car engine tin 
is a matter of far Jess importance, good performance and flexibility with 
adequate gasoline mileage on partial loads being tJie factors striven fu) 
There is one jioint in common between airplane and passenger-cur engiin* 
which has a determining influence in the number of cylinders, and that 1 
vibration. In the passenger car \vc seek for a siiuiolh engine because []\u\ 
i.s what the ]>asscnger appreciates, in tin* airplane vve mu^t have a smuotli 
engine, since neither the engine imr the structure of the jdanc can with¬ 
stand the vibratiiHih priKhiced by u rough engine. 



Pig. S46.-^Showing Method of Machining Crankshaft from Machine Forging. 
Appearance of the Rough Steel Forging Before Forming. B—The Finiah Six Throw 
Seven Bearing Crankahaft Made from the Forging Shown at A. 

The airplane engine is moimled on a few relatively frail .sticks or tubes 
compared to the automobile frame strength or on some light metal stamp¬ 
ings that form an ncle<|iiale support so long as they are subjected to reason' 
able stresses, but the structure of an airplane cannot long endure the 
fatiguing stresses of a rough engine. The four-cylinder engine in its larger 
sizc.s was therefore never popular for aircraft use. The six-cylinder engine 
we have seen is Inherently in perfect running balance, but its length makes 
it rather heavy for a given power. Sinifdicity of manufacture, ease of in¬ 
stallation, good accessibility and low head-resistance, contributed to making 
the eight- and twelve-cylinder Vee types ideal where high-|>owered water- 
cooled types are needed, and the seven- and nme-cylinclcr ra<lial engines are 
not to be lightly considered where accessibility and compactness combined 
with simple installation procedure and air cooling are demanded. On ac¬ 
count of the desirability of keejung aviation engine weight to the minimum, 
it is doubtful if secoiulary force balancing mechanisms such as designed by 
Lanchester or Ricardo would he as good as u.Htng more cylinders where 
added weight produces u.seful power. The same thing applies to crankshaft 
counterbalances when more than one crankpin is employed. 

Crankshaft Construction.—The iin|>orlancc of the crankshaft has been 
previously considered, and some of its forms have been shown in views o\ 
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CRANKSHAF1' DESIGN CONSlDiiRATlUNS 

I he motors presented in earlier portions of this work. The crankshaft is 
me of the parts subjected to the fp-eatest strain and exlrcnie care is needed 
ill its construction and desiipi* because the entire dutv of transmitting 
I he power generated by the motor to the airscrew devolves upon it 
(‘rankshafts are usually made of hlgh*tcn$ile strength alloy steel of special 
cumposition. They may Ije made in four ways, the most common being 
irum a drop or machine forging which is formed approxinialely to the shape 
nf the finished shaft and in very rare instances (experimental motors only) 
they may be electric steel castings. When only a small numljcr of crank¬ 
shafts are needed they are nia<le from machine forgings, which call for 
consKicrably more machine work than would he the case where the shaft 
i.s formed between dies, a prinxdurc only pnssilde where production war¬ 
rants their cost. Some engineers favor Idockiiig the shaft uul of a solid 



Pif^. 347.—Showing Design of Crankshaft for Twin^Cylinder Opposed Motor. Web 
Sections Must be Greatly Lightened and Main Journals and Crankpins Should be 
Bored Out to Reduce the Weight, if Used in an Aviation Engine. 

*‘lah of metal and then machining this rnngh blank to form. In some radial- 
cylinder nn»lor.s of the Was^). Ryan-Siemsnis. Bristol-Jupiter and other 
lyj»cs. the cranksh.ifls arc built up of two pieces, held together by taper and 
key fastening.^ or bolts as will l>e dc.scribctl more in detail later. 

The form of the shaft dcj»ends on the number of cylinders and the form 
has material influence on the mctliotl of construction. For instance, a four- 
cylinder crankshaft c<mld be made by cilher of the methods outlined. On 
the other hand, a Ibreet- or .six-cylinder shaft is best iua<le by the machine 
ft>rging process, because if dro^) forgc«l or cut from (he blank it may liave 
to be heated and the crank throws bent around so that the pins will lie in 
Ibree planes 120 degrees apart, while the other types described need no 
further attention, as the crankpins lie in planes 180 deuces apart. This 
can be better nnderst4)od by referring to Fig. 346 showing a shaft in the 
r<nigh and finished stages. At A the api>caraiire of the machine forging 
••efure any of the material is removed is shown, while at H the appearance 
•d the finished crankshaft is clearly depicted. The buiU-ui> crankshaft is 
seldom used on mulliple-c> Under motors, except in some cases where the 
rankshafts revolve on ball-bearings as in some racing engines. The general 
design of the crankshaft deixmls u|sm the niimlier of main liearings to lie used, 
iiKl this in turn may depend upon the whim of the designer or <m some par- 
iicuUr feature of cylinder arrangcmeul which necessitates a certain arrange- 
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merit of main hearings. In general» a designer tries to make an engine as 
short as possihlc, and the number of main hearings may have a considerabit* 
influence on the length of the engine. From a rigi<Iity standpoint a hearing 
on each side of each crankthrow is desirable, and this has become practi 
cally universal practice in aircraft engines. This coii.strnctiun also simpli 
fles the drilling of the crankshaft fur oil distribution to the crankpins. 



Fig. 346.~Crankthaft of an Eight-Cylinder "Ve«** Engine for Aviation Uic that Em¬ 
ployed Side by Side Connecting Rod Big Ends. Note Length of Crankpin BearingK 

Neceitary to Accommodate Two Rods. 
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Fig. 349.~Crankshaft Assembly of Pratt ft Whltsey '*Wasp'* Motor is Built-Up 
of Two Members but Becomes One When Bolted Together. Note the Method of 
Mounting And-Friction Ball Bearings, and the Split Propeller Hub of a Standard 

Steel PropeUer. 


Crankshaft form will vary with the number of cylinders and it Is possible 
to use a number of difTerent arrangements of crankpins and bearings for 
the same number of cylinders. The simplest form of crankshaft is that used 
on radial cylinder motors, as it w<mld con.si.st of but one crankpin, two 
counterbalanced webs, and the crankshaft, as shown at Fig. 349. As the 
number of cylinders increase in Vee and indinc motors, as a general rule, 
more crankpins are used. The crankshaft that would he used on a two- 
cylinder opposed motor is shown at Fig. 347. This has two throws and the 
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Fig. 350.—Various Types of Four and Six Throw Automotive Crankshafts, Showing 

Possible CombinatioaB of Main Bearings. 


crankpins are spaced 180 apart. The bearings are exceptionally 

long, Four-cylinder crankshafts may have two, three or five main bear¬ 
ings and three or four crankpins as shown at Fig. 350 A, R. C and D. In 
some forms of two-bearing crankshafts, such as used when four cylinders 
are cast in a block, or unit ca.sting. two of the pistons are attached to one 
common crankpin, so that io reality the crankshaft has hr.t three crankpins 
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as shown at Fig. 350 A. A typical three bearing, four-cylinder crankshaft 
is shown at Fig. 350 B. The same ty|>c can be used for an eight-cylinder 
Vee engine, except for the greater length of crankpins to permit of side In¬ 
side rods, as in the crankshaft shown at Fig. 34S. Six-cylinder vertical tan¬ 
dem and twelve-cylinder Vcc engine crankshafts usually have four or seven 
main bearings depending upon the disjiosition of the crankpins and arrange¬ 
ment of cylinders. At Fig. 351 A the bottom view of a twelve-cylinder 
engine with bcjlltmi half id crankcase rctm»vc<l is given. This illustrates 
clearly the arrangement of main bearings when the crankshaft is supported 
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Pif. 351.—Crankcase and Crankahaft Conatruction of Early Twelve-Cylinder Motorc. 
A—The Deusenberg Crankcase Had Pour Main Bearings. B—The Curtiss Crank¬ 
shaft Was Supported by Seven Main Bearings. 

on four journals. The crankshaft shown at Fig. 351 B is a twelve-cylinder 
seven-bearing ly]>c. A modem crankshaft of alloy steel employed on a 
twelve-cylinder Vcc engine is clearly shown at Fig. 35.^. The removable 
bearing liners and the main bearing caps arc also shown. The drilled out 
main journals are closed by stani}>cd enil plates held hy the bolts T so each 
crankpin receives lubricant from an adjoining reservoir in a main shaft 
journal. 

Counterbalanced Crankshafts.—In some automobile engines, extremely 
good results have been secured in obtaining steady running with minimum 
vibration by counterbalancing the crankshafts as outlined at Fig. 352. The 
shaft at A is a type suitable for a high-speed four-cylinder vertical or an 
eight-cylinder Vcc type. That at B is for a six-cylindcr vertical or a twelve- 
cylinder Vee with scissors joint rods. While counterbalancing crankshafts 
helps in an automobile engine, its advantages are not of enough moment 
in airplane engines to justify the crankshaft weight increase except in radial 
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cngtnts using a very short shaft, as shown at Fig. 349. As previously 
.stated»counterbalances cannot absolutely eliminate engine vibration as they 
do not cancel out the forces causing it. 


iPtai/i Btarin^ ftnf 


tBatan€t forged 

V. inte^raUy witHthaft 



ieoxn dtanng 



Pig. S52 .~Um of Balince Weights in Automotive Engines to Counierbsisnce Crank¬ 
shafts Reduces Engine Vibrstion and Permits High Ro^.ative Speeds. 

Anti-Friction Bearing Crankshafts.—WliiU* crankshafts arc usiially siip- 
finrted iu plain journals there seems \tt be a griming tcmlency to use anti¬ 
friction bearings of the ball or roller tyi'c for their support. This is espe¬ 
cially noticeable on ruiliHl motors where but two or three main beanngs are 
utilized as shown at P'lg. 349. When ball-bearings arc selected with proper 
relation to the IcieUing which obtains they will give very satisfactory service 
as often they will outwear other parts of the engine. They permit the 
crankshaft to turn with ininiinuin friction, and if properly selected will 
never need adjustment. The front end is supported by a bearing which 
is clamped in such a manner that it will take a certain amount of load in a 
'lireclion parallel to the axis of the shaft, while the rear end is so supported 
that the outer race of the hearing has a certain amount of axial frecilom or 
'rtoat.*' The inner race of each bearing should he firmly clamped against 
shoulders on the crankshaft. At the rear end of the crankshaft timing gear 
a suitable locking arrangement is used, while at the front end the bearing 
is clamped by a threaded retcnlicm member between the propeller hub and 
a shoulder on the crankshaft. The hub is held in place by u taper and key 
retention. The hall-hearings are sometimes carried in a light housing of 
bronze or steel when in.stalled in aluminum cases, which in turn are held 
in the crankcase by bolts. The Hispano-Suiza engine uses ball-bearings 
at front and rear ends of the crankshaft, but has plain bearings around 
intermediate crankshaft journals. The radial engines wimld not be really 
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practical H liall or roller l^earin^s were nut u$ed, as the bearing friction an<] 
cutibC4|uent depreciatiem would be very high. 

The crankshaft shown at Fig. 354 is a foreign design used in a twelve- 
cylinder Vcc engine and revolves on eight anti-friction bearings, one being 
installed each side of each crankpiii and one at the extreme front end oi 
the shaft. 'J'he bearing inner races are suflicieully large in bore to permit 



Fif. 353.—Crankihaft of Fiat A20 Aviation Engine Showing Splines for Driving Pro¬ 
peller and Also Method of Lightening Crankihaft by Machining Crank Weba and 
Boring Out all Crankpini and Main Journals. The Bearing Shells and the Main 

Bearing Journal Caps are Also Shown in this View. 



Fig. 354.—Crankshaft Assembly of Foreign Aviation Engine Showing Anti-Friction 

Bearings Installed on Main Journals. 

passing intermediate bearings over the rounded and beveled crank webs so 
installation Is not difliciill and a onc-piece shaft may he employed. The 
longitudinal sectional view of the Najiicr Lion engine at Fig. 355 shows the 
manner of installing roller bearings very clearly. As the engine is a twelve- 
cylinder W type a four-throw crankshaft suffices and five main bearings of 
the roller type support explosion loads. Because the engine is a geared 
form, other roller 1 hearings arc needed to support the reduction gear shaft 
and the shaft driving the air screw which turns slower than the crankshaft. 
The four larger diameter roller bearings on the crankshaft, which have 
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straight roUs restrained! against etui movement hy flangetl inner races have 
outer races which do not restrain the rolls endwise, but the smaller roller 
bearing at the accesstiries drive end restrains end movement of the rolls 
and consequently of tlie entire shaft because both inner and outer races 
arc flanged. The reason end movement of the shaft is permitted in the 
other four hearings is to allow for the shaft lengthening due to heat after 
the engine has been in operation for some time. The design shown is an 
interesting one and is worthy of the closest study. 
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Radial Engine Shafts.—The Wasp crankshaft assembly shown at Fig 
349 is an excellent example of American built*up crankshaft construction 
The parts comprising the assembly arc shown at Fig. 356. It will be oh 
served that the crankptn, one crankweb and the propeller drivcshaft are in 
one piece, the intori«)r of the crankpiti being provided with kcyways. Th«' 
other web has a short extension shaft intended to fit into the crankpin, keys 
fitting corresponding keyways. The two pieces are held together by a boh 
passing through the crankpin into the webs. The crankshaft of the English 
Hristol Jupiter engine is also of the built-up type and inamifactured from 
hardened and tempered 00 tun nickel chronic steel forgings. It is shown 



Fig. 356.~Pert» Comprising the Crankshaft Assembly of Pratt A Whitney *‘Waip'’ 
Motor Before they are Bolted Together. Notice the Rugged Design of the Crank¬ 
pin 


at Fig. 357. The crankshaft spigots in the manelon, and is registered by 
a stout taper key formed integral with the eye of the maneton. which is 
split on the crankpin center line and clamped by a large diameter bolt 
and nut. The joint obtained is entirely free from any trace of play or work¬ 
ing, even under full throttle excess speed condition.^. The crank cheeks 
have been slotted out and the balance masses pushed out in order to obtain 
the maximum effect for the minimum gross weight. The complete shaft 
15 carried on two main roller bearings, located immediately behind each 
crank web (not shown in illustration) with a special Skefko double purpose 
spherical roller bearing at the pro|>eller end. and a sm<ill white metal steady 
bearing at the tail end. The shaft is drilled throughout for lightness, com¬ 
municating holes and blanking plugs allowing of the resulting chambers 
being utilized for oil circulation and distribution. 

Securing Engine Balance Important.—Considerable progress has been 
niade by machinr-tiNd builders in providing equipment for locating and cor- 
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rectitig the unl)alance of rotating parts, and the problem of selecting the 
machine best suited for the particular part to be balanced requires much 
.^ludy and investigation on the part of the engineers who specify the pur¬ 
chase of manufacturing equipment. L. L. Roberts, M.S.A.E., in a paper 
read before the Detroit Section of the S. A. E. described the processes that 
had been tried at the Packard factory. The crankshafts of both types of 
engine (automobile and aircraft) arc machined all over. Of course, if it 
were f>ossii>lc to hold absolutely ti» certain dnneiision.s, It would be unneces¬ 
sary to make any lialancing corrections. 
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Fig. 357.~Maater Connecting Rod and Crankshaft Parts of the Bristol Jupiter Nine- 

Cylinder Radial Air-Cooled Engine. 

After chocking up al>out lOO crankshafts carefully it was found that, 
from a niamifacturing viewpoint, certain sn-callcd nnini|H)rtant dimensions 
^uch as the thicknc.ss and the contour of the crank-anus would cause the 
crankshaft to be cnnsi<leral)ly ont of balance if machined to the extreme 
innits allowed either way of *0.010 inch. The first step was to determine 
a suitable method for corrccling Ihc existing unbalance and, with this in 
jnind, several plants that had installed balancing inachine.s were visited. 
It was found that the corrections couhl be ma<le either by drilling holes in 
the crank-arms or by planing off st()ck from the corners of the crank-arms 
after the crankshaft ha<l otherwise been machined cnmidetely. Both the 
six-cylinder and the eight-cylinder types of crankshaft are difficult to bal¬ 
ance because of the restrictions placc<l on the removal of the corrective 
masses. A crankshaft corrected by drilling was siibmittc'd to and was rc- 
iected immediately by the Packard engineering department, because the 
holes tended to weaken the structure. Tlrilting disfigures such a shaft and 
gives the impression that it has been rc.sortcd to as an expedient. Further 
>tudy showed that five possible methods of elTcctiug balance remained. 
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These are 

(1) Varyinjy the lM)rc of the hole in the crankpin 

(2) Using calil)ralc<l plugs in the crankpin bores 

(3) Beveling the crank-arm (>|>posite the end of the crankpins 

(4) Removing uniform layers from the periphery i»f the crank-arm 

(5) Removing uniform layers of metal from the flat side of the crank- 
arm. 

The first niclli<»d was rejected because of its great expense and incon 
venicnce. While in a certain sense it is convenient, the second method i> 
subject to errors of fitting wrong plugs. T\w third method, that of bevel¬ 
ing ofT Uic corners of the crank-anns, was tried lem|u»rarily and W(M*kc<l 
well: hut this j)riK:ess involves considerable skill anci many trials on th<' 
]>art of the o])cralor and. while this iuoiIukI was allowed, it was a slow atnl 
cosily process in proiluction. The fonrih aiul fifth luetlmds seemed thr 
nujst t)rcmiising and were, therefore, given further sliuly. 



Fig. 3S8.^Typical Automotive Engine Camshaft with Valve Lifting Cams Forged 

Integrally. 


How Engine Parts are Balanced.—A precision type of balancing ma* 
chine, in wdiicli the crankshaft is rcvtdvcd on a horizontal plane, is uscH 
and the balancing niachine operator indicates the anKuinl of stock to griml 
off of the sides of the crank-arms from a prevnmsiy calculated correcthm 
table. To facilitate balancing opcraliniis, Mr. Roberts .states that closer 
machining limits were jiniH>scd and as a result the oul-cff-balance condition 
w'as greatly reducetl. Onnkshafls are balanced statically and dynamically 
w hich means they are in balance when at rest or when rotating. It is 
equally imjMirtant to have connecting rods balance. The connecting rods 
for all aviation engines arc selectc<l in sets. The rods of a set ready to 
assemble into the engine should be alike within d: ounce as to both total 
w'cight and center oi mass. The nnls are first w'eighed ami classified for 
total weight and, as there is a difference uf four ounces between the lighlesl 
and the heaviest hkIs, it is necessary to provide for 32 classes into which the 
rods are separated before jirocccdmg with the next operation. This is to 
classify hy the weight of the crankpin end only. The same limits. ± >r 
ounce, are alhiwcd as for the preceding ojicratioii. Special brackets wen 
made and incorporated as units of a weighing scale, to make a fixture suii 
able for w'cighiug the crankpin end of the rod. 'J'hc scale is mounted on ri 
surf ace* plate to w'hich a bracket is attached also to support, off the scale 
the piston-pin cud uf the connecting rod. A bracket fastened to the scab 
jilatform supports the crankpin end of the rod. Both brackets are equippc^l 






NORMALIZED STEEL FOR SHAFTS 


765 


with knife-edges, from which are suspended on rings certain U-shaped 
members. The upper arms of the U have knife-edges hearing on the rings, 
and the lower arms are made to fit loosely into the crankpin and the piston- 
pin holes of the connecting rod. 

Firing Balance Important.—Firing balance, that is, having the intensity 
of the impulses as nearly equal as possible, contributes greatly to smooth¬ 
ness of operation. The coinlmstion-chauibcrs in the detachable heads of 
both the six-cylinder and the eight-cylinder engines are completely ma¬ 
chined like their neighbors in the head, assuring uniform volume. Two 
cuts arc necessary to obtain the fine finish required, it having been proved 
conclusively that a sincKUh surface greatly deters the formation of carbon 
deposits. A special machine is needed U>r i>r<»filing coml>ustion-chamber8. 
The niacbiiies usc<l, of special design, were develope<l at the Packard plant. 
They have characteristics in common with automatic mulli)>le-s))indlc pro- 
fdlng machines, the lu»rixontnl and transverse feeds (or the cutters being 
.actuated l)y two cams that control the ccmlour of the chambers. The cut¬ 
ters arc of special form and are of the end-milling type. In engines with 
composito cylinder construction, as radial nir-cfH)]c<l, the heads are com- 
]drtely machined before assembly and all heads arc alike. Even one-piece 
cylinders can be completely machinetl so combustion .spaces will all be 
e(jual. 

A numticr of things can hapjicn in assembling the engine which will off¬ 
set all the careful clTi»rt s]>cnl in balancing tlic parts. To eliminate this, the 
l>istons and the piston-pins are selected carefully as to both weight and fit. 
The fitting of the rings and the ]>ins tu the pistons and of the pistons to the 
cylinders requires extreme care; errors made at this stage of the assembly, 
such as bending llie connecting hkI slightly or distorting the pistons, will 
result in a number of serious engine troubles, among which arc a loss of 
compression with ccjnsctiucnl varying of the exj)lo.siuii pressures, oil-pump¬ 
ing an<l scoring of the cylinder-walls and ihc jnston. Any of these will 
cause excessive vibration with its resultant noises and rough running. 
Cases have been knenvn where vibration <luc to marked unl)alancc, such as 
losing part or all of a prr>peller blade, is enough to tear an engine away 
from its fastenings in the fuselage and hfisc it drop to the ground. 

Normalized Steel.—Heat treatment has always been an impc»rtant factor 
in utilizing alloy .steels .sncccs.sfully ami unless great care is taken in heat 
treating processes, the great natural increase in physical properties of the 
materials used may he entirely lost and the steel will be no better than 
cheaper commercial metals. 

The change in practice from heat-treating to normalizing operations for 
certain vital automotive parts, such as crankshafts and connecting rods, 
which is being introduced by the Vanadium Corp. of America, entails a 
thorough knowledge of the behavior of all .steels when subjected to such 
normalizing operation.s. At first thought it might be assumed that if the 
quenching and drawing operations were done away with, almost any steel 
that would produce the ncces.sary physical properties and hardness would 
he satisfactory, and the natural tendency would be to go to the steel of 
lesser cost. In promoting this radical change in production practice, tJie 
Vanadium Corp. feels that carbon vanadium steel is the ideal normalizing 
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steel. What the producer of automotive parts expects and strives to obtain 
in his heat-treating operations is uniformity of product, and he must expect 
to obtain this same uniformity in his normalizing operations. It might be 
thought that this uniformity should appear in alt steels if simply annealed 
or normalized, but this i.s far from being true. For crankshafts a certain 
hardness and certain physical properties must be obtained, and an alloy 
steel of some ty])c is desirable. Hecausc of possible variation in rates of 
cooling that may he eiicoimtcrcd fnnn one end cd the year to the other, as 
a result of changing weather conditions, etc., any element that has a ten¬ 
dency toward ‘‘air hardening'* should be avoided. The commercial alloy 
stcel.s that would naturally be considered arc straight nickel steels, chronic 
nickel steels, straight chrome steels, chrome-molybdenum steels, nickel- 
molybdenum ami high inang<ancsc steels, aside from the chromc^vanacliiini 
and carbou-vaiunliuin .steels. There are certain re<niirenients or properties 
that the consumer must demand when using a normalized steel on a pro¬ 
duction basis, the j)rincli»al ones being; 

1. Physical projicrtics. 

2. Hardness ami uniformity <»f hardness. 

3. Uniformity and ea>e of inachiiuiig and drilling. 

If physieal properties were the <Mily rc«niircmctit, several type.s of steel 
would answer the ijur]»nse. In dealing with automotive crankshafts—to 
which this article refers particularly—a tuiiiimum clastic limit of 70,000 
pounds per s<|uarc inch should he <»blained. after heat treating or normaliz¬ 
ing (as the case may l^e). Satisfactory values for the ultimate strength, 
elongation and reduction of area will natur«illy follow in the typo of sled 
that would be considered, whether heat treated, that is quenched and drawn, 
or normalized. 

Tests performed on various types of sled in the normalized state and 
of such analysis as to produce the minimum clastic limit of 70.000 pounds 
per square inch arc given bcUnv. These tests were made on steel bars 
which had been forgc<l and normalixetl as the ]>arls woulcl be on a produc¬ 
tion basis. It is a ctuumoii cxjicricnce that results of tensile tests performed 
on a set of test spccimen.s will show' considerable variations. The results 
given in table were obtained on a given test specimen and represent an 
average of what may he expected. The table al.so shows that if physical 
properties alone were used as a basis for adoption any one of the types 
could be considered. In the case of the straight chrome steel, a higher car¬ 
bon content and, jiossiblv, a little higher chromium cimlcnl w'ould bring the 
elastic limit up to rc<|uircments. 

COMlTtSlTIiJN ANP rtlYSICAL PROPERTIES OF AIXOY STEELS 
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It is interesting to note, however, from the values obtained in these par* 
ticular tests that the Brinell hardness is quite misleading as an index of the 
elastic limit. As has been i>ointe<l out many times in other books it 
docs follow the tensile strength fairly closely. It is also very interesting 
to note that any steel containing chnimium, either alone or in combination 
with another element, and normalized, has a considerably greater hardness 
than a similar steel free from chnnniuin and which has an e(|ual or greater 
elastic limit. Note also the greater hardncs.s of the straight nickel steel as 
compared with the carbon vnnadiiini, even with a considerably lesser clastic 
limit. This brings out very clearly the air-lianlcning tendency of nickel 
and chroniiuni alloys—a property very much to be avoiticd in normalized 
.Kteels for prodnetion purposc.s. One of the iuit>ortant a<lvantagGs of vaiia- 


Oil pin CAShne 



Pig. SMA.^View Showing Cofwtruction of the Crankc4s« of the Piat A20 Aviation 
Engine. The Oil Pan Shown at A ia Fastened to the Main Crankcase Member 

Shown at B. 

dium in connection with the particular subject under discussion is that it 
does not confer marked air-hardening pro|>crtic!<. Normalized plain vana* 
dium steel has found considerable application in complicated .sliapes. such 
as motor crankshafts and many automotive forging.s which must show a 
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hi^h elastic limit without heat treating, since the latter causes distortion 
and a tendency to crack. Vanadium steels are characterized by exceptional 
fineuess of grain. Either the trace of vanadium in the ferrite obstructs dif* 
fusion, or the vanadittm*bearing cementite can diffuse less readily, so that 
the sorbite of vanadium steel tends to be finer, with less agglomeration of 
cementite and separation of ferrite than without the vanadium. This hnc 
grain is undoubtedly the reason for the high elastic ratio of vanadium steel, 
being higher than that of most other common alloys. 

Case-Hardened Crankshafts.~That case-hardened surfaces are much 
harder than oil-hardened surfaces and therefore much more resistant to 
wear is well known. The dilTcrences in the hardness miinhcrs furni.sh a gooil 
index to the difference in the wearing qualities. E.\perience data relating 
to the superi(>r wearing qualities of cnsc-hsir<ieiic<l as c< mi pared with the 
oil-hardened crankshafts have now been given out by the II. II. Franklin 
Mfg. Co., which has used case-hardcued crankshafts since Since 

1920. 1,434 crankshafts of the oil-hardened type were sent to the factory 
for regriiuling. while since 1921 only thirteen case-hardened shafts were 
received for the same purpose, and all of those during the last three years, 
there having been not a single case of regrinding during the first four years 
that the ca.se-hardened crankshafts were in use. 

Camshaft Influence on Crankcase.—Before going into the subject of 
crankcase construction it will be well to conshler camshaft location which 
is properly a part of the valve system and which has been considered in 
connection with the other elements which have to do directly with cylinder 
construction to some extent. Camshafts are usually siii]]de members, and 
when carried at the base <if the cylinder, in the crankcase of Vee-type 
motors, it is supported by suitable bearings. Ah previously mentioned this 
calls for tappet rod and rocker arm operation of the overhead valves. A 
typical camshaft design for engine base mounting is shown at Ftg. 358. 
Two main methods of camshaft construction are followed^that in which 
the cams are separate members, keyed and pinned to the shaft, and the 
other where the cams arc formed integral, the latter being the most suitable 
for airplane engine rec|uircmenls. The cain.*<haft shown is of the latter type, 
as the cams are machined integrally. In this case not only the cams but 
also the gears used in driving the auxiliary accessory drive shafts are 
forged integral. This is a more expensive construction, because of the high 
initial cost of forging dies as well as the greater expense of machining. 
It has the advantage over the other form in w'hich the cams are keyed in 
place in that it is stronger, and as the cams are a part of the shaft they can 
never become loose, as might be iHDssible where they are separately formed 
and assembled on a simple shaft. When the camshaft is carried in the 
engine case as in the Curtiss OX motor, provision must be made for its 
support. In most modern engines, the crankcase can be made very simple 
because the camshafts are driven by gears and mounted above the cylinder 
heads. A typical Vee engine crankcase with provisions for camshaft sup¬ 
port is shown at Fig. 359. 

Engine-Base Conetruction.-^One of the important parts of the power- 
plant is the substantial casing or bed member, which is employed to support 
the cylinders and crankshaft and which is attached directly to the fuselage 
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by engine supporting members. This will vary widely in form, but as a 
;jeneral thing it is an approximately cylindrical member which may be 
divided cither vertically or horizontally in two or more parts. Airplane 
engine crankcases are usually made of aluminum alloys, a material which 
has about the same strength as cast iron, but which only weighs a third as 
much. Ill many cases cast iron is employed in automobile motors, but is 



Fia. 359.—View* of Upper Hatf of Crankcue Employed on Early Aviatioo Bnafae of 

the Bisht-Cylinder Form. 


not favored by airplane engineers because of its brittle nature, great weight 
and low resistance to tensile stresses. Where exceptional strength is 
needed alloys of aluminum bronze may be used, and in some cases where 
engines are produced in large quantities a portion of the crankcase may be 
a sheet steel or aluminum stamping. 
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Crankcases must always be large enough to permit the crankshaft and 
parts attached to it to turn inside with ample clearance and obviously its 
length is determined l)y the numl)er of cylinders and their disposition. The 
crankcase of the single row, radial cylinder engine or double-opposed cylin¬ 
der engine would Ik substantially the same in length, though the latter 
would be slightly wider to permit of off-setting the cylinder bores. 
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Pig. 359A.—Vertical Sectional Elevatiort of the Fiat A20 Aviation Engine, Showing the 
Method of Crankcase Construction. Note thst the Cylinder and Crankshaft are 
Carried by Upper Half. While the I^owcr Portion Serves Merely as an Oil Pan. 
Attention is Directed to Substantial Conatruction of Main Bearing Capa. 


That of a four-cyliiidcr will vary in length with the method of casting 
the cylinder. When the four cylinders are cast in one unit, as in 
automobile practice, and a two hearing crankshaft is used, the crankcase is 
a very compact and short member. When a three-hearing crankshaft it 
utilized, the engine base is longer than it would he to support a block cast' 
ing. but it is shorter than one designed to sustain individual air-cooled cyb 
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inder castings and a five-hearing crankshaft. It is now common construc¬ 
tion to cast an oil container integral with the bottom of the engine base 
and to draw the luhricaling oil from it hy means of a pninj), as shown at 
Fig. 358 A. The arms by which the motor is supportctl in the fuselage are 
substantial-ribhed mcmt>ers cast iiilcgrally with the upper half as shown 
at Fig. 359 A which shows FIAT A 20 engine consinictiou. 
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Fig. saO.^Crankcase of Pratt ft Whitney *'Waap" Engine is Shown at the Left 
of the lUuttration and it Made of Two Forged Duralumin Halves, One of which it 

Shown at the Right of the Illustration. 


The approved method of crankcase construciion favored hy the majority 
of engineers is shown at Fig. U. holloin side up. The upper half not 
only forms a bed for the cylinder but is used to hold the crankshaft as well. 
In the illustration, the main bearing boxes form part i»f tlie case, while the 
lower bearings are in the form of separately cast caps retained by suitable 
bolts. In the construction outlined the bollom part of the case serves 
merely as an oil container and a protection for the interior mechanism of 
the motor. The cylinders arc held down by means of studs screwed into 
the crankcase top, as shown at Fig. 359. 

The simplicity of the crankcase needed for a revolving or static radial 
cylinder motor and its small weight can be well understood hy examination 
of the illustration at Fig. 360, which shows the engine crankcase for the 
nine^cylinder Pratt & Whitney Wasp engine. This consi.sls of two ac¬ 
curately machined duralminum forgings held together by bolts as clearly 
indicated. The crankcase of the Bristol Jupiter is also made of two main 
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portions, the f^ont and rear half crankcase, which are of stout, well-ribbed 
section and machined from duralumin forgini^s, a face joint being made on 
the center line of cylinders by nine collar bolts, the rearward projections 
of which are used for attaching the engine to the airplane mounting. The 
crankcase of the early Gnome engine, which was machined from alloy steel 
forgings is shown at Fig. 362 B, and was the ancestral type of the later 
construction where “dural’* forgings arc employed or aluminum alloy cast¬ 
ings in static racli.il engines. 
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Fig. 361.~Crankcsse Assembly of Pratt A Whitney ''Wasp" Motor Has the Camcase 
Carrying the Valve Lifter Membera at the Propeller End and Another Group in which 
All of the Accessory Drives and Superchargers are Inatalled. Bolted to the Anti* 

Propeller End. 


Special Requirements Dictate Crankcase Design.—Crankcase construc¬ 
tion has developed to a point where it can he said that each branch of the 
automotive industry has some s|)ccial rctjuiremeiUs which impose certain 
restrictions on the design of the crankca.se. In early automobile engines the 
crankcase was made in two halves, and the crankshaft main bearings were 
contained half in the upper crankcase and half in the lower portion. This 
construction was very rigid and strong but made it impossible to adjust 
or replace these bearings without dismantling the whole engine. It then 
became the practice to mount the upper halves of the main bearings in the 
main part of the crankcase to which the cylinders were bolted, and the 
lower halves of the hearings were supported in bearing caps as shown at 
Figs. 358 and 359. The lower half of the crankcase then became an oiUpan 
and could be made fairly light. For purposes of insi>ection the oil-pan 
could be removed without taking the engine out of the car. This represented 
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a distinct advance from the standpoint of maintenance and is standard prac* 
tice today in automobile manufacture. When aviation endues are over¬ 
hauled. however, they are invariably removed from the fuselag’e. except in 
the case of a top overhaul, in which the bearings are not repaired, so the 
stronger construction is favored by designers. Some of the newer water- 
cooled aviation engines have the main bearings suspended from the top 
half of the case and use the oil-pan system common in motor cars. 



Pig. 362B.—Simple and Compact Crankcaae UtiUaed on *'Gnome" Sngine li the 

Ancestral Typi of Many Static Radial Engine Deitgna. 

Aircraft engine crankcases whvu cylinders are iti line arc nearly always 
Intilt according to the original automobile practice; that is. the crankcase 
15 divided in a plane through the center of the crankshaft and the main 
bearings are c«irried between the Iw'n halves of the crankcase. This con¬ 
struction is favored since it is the lightest and most rigid construction, al¬ 
though in the matter <»f accessibility there would he still much to be de¬ 
sired if the common practice was to leave the engine in the fuselage when 
overhauling it. which is not the case. This is shown at Fig. 363. 

In marine engines both forms of crankcase construction already referred 
to are used hut. in addition, large hand-hole covers are provided on the sides 
of the upper half of the crankcase to alkiw connecting rod hearing inspec¬ 
tion and even piston removal in some cases. This matter of accessibility 
in a marine engine is very important, since the engine cannot be readily 
removed and repairs must sometimes be made far from any base. This 
type of crankcase construction is sometimes used in large aviation engines 
intended for use in dirigible balloons. 

Radial Engine Crankcase.—The construction of the crankcases of radial- 
cylinder engines is greatly simplified by having the valve actuating 
mechanism carried in another casing bolted to the main casing and group¬ 
ing all the accessories and their drive on still another case or assembly. 
The method of construction shown at Fig. 361 is followed by the Pratt & 
Whitney Aircraft Corporation and as a result, it manufactures two engines, 
one of greater horsepower than the other. 80 per cent of the parts of both 
engines being interchangeable, a manufacturing advantage of great value. 
Not all radial engine crankcases are made in two halves bolted together 
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on the engine center Hue. The Wright Whirlwind crankcase is a one-piece 
aluminum casting having extensions for valve operating mechanism and 
fuel mixture supply and accessory drives cast integrally. All such case.s 
have bolted-on cover plates. 

Packard X Crankcase.—The Packard X engine, which is really a radial 
engine even though it has (our hanks of six cylinders each, uses a simple 
\urrd tyi>e cnnikcaso sht»wii at jMg. M)2 A and luus the acot^ssory drive and 
timing gears himsccl in separate cases. Ixdtcd to Ihc main crankcase >vhicl) 
is of barrel form. The construction of the main hearings is unusual and at 
first glance, excellent designers might consider them a jH»or design because 
of their large diameter or bore and cc»nse(|ucnl!y high ruhliing speeds. 



Fig. 362A.—Barrel Type Crankcase Used on the 24«Cylmder Packard X Bnaine. 

The extreme ruggedness and simplicity of design arc apparent. In 
general, the Packard X crankcase consists of a hexagon-shaped aluminum 
alloy casting with seven large main-hearing shell boros formed in well- 
ribbed diaphragms. The main l)carings arc bahhitl-lined steel shells of 
7f4-inch inside diameter. Thc.se bearings arc shrunk into the crankca.se, 
which is previously healed to 212 degrees Fahrenheit. The bearings are 
supported on a water-cooled mandrel and slide easily into place, being then 
retained by cap screws. After the water-cooled mandrel is withdrawn and 
the crankcase cools to operating temperature, these bearings naturally are 
firmly held in place. Although it is believed that the surface speed to which 
these bearings arc subjected far exceeds previous practice in this regard, 
no trouble has l)ccn exi)erience<l with them. The surface speed is about 
5,500 feet per minute, and the maximum load on the bearings is somewhat 
less than 700 pounds per square inch. The necessity for this type of crank¬ 
shaft in which the crank cheeks perform the function of main journals, or 
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vicc-versa, is brought about by the need for economizing: in the over-all 
length of the engine. Each hank of cylinders has the same dimension be¬ 
tween adjacent cylinder centers as that used in the Model 1,500 twelve- 
cylinder engine. Doubling the power to be transmitted by the crankshaft, 
with the cunsequent increase in bearing loads and crankshaft stresses, 
could be met only by the very uncoiivcntumal means employed. It is in¬ 
teresting to note that this criinkshaft weighs 161 pounds, or about double 
tliat of the Model 1,500 crnnk.shaft. 



Pig. 363.^11 lustration Showing Method of Conttruction of the Liberty Engine Crank¬ 
case. Note Method of Fastening Upper and Lower Halve* Together by the U*e of 
Long Through Bolts Extended to the Top of the Upper Crankcase, as Well as by the 

Numerous Smaller Bolts Holding Flanges Together. 


Anti-Friction Bearings.—Koiler-1 >cariugs may bo made with either solid 
(►r flexible rolls. A .solid roller should bo sln»rt in onlor to prevent deflec¬ 
tion or distortion of the r<*ll if the slre.ss is not evenly applied. If long solid 
rollers are ii.sed, one end will teml to travel faster than tlie other, and this 
i.s apt to prcnluce frictUm l>ctwcen the rolls ami the retaining cage. It is 
contendetl by adherents the flexible n>!l construction that this type 
adapts itself more readily to irregularities in shaft contour, and thu.s turns 
with less friction than do the solid rolls. The flexible roller-bearings are 
made in two types, one einpli>ying long steel rolls, while the high duty type 
uses shorter rolls uf high-lcnsilc strength alloy steel and accurately ground 
inner and outer race members. In the regular or long roll ])altern the shaft 
itself is intended to form one l)caring surface, and as this is generally soft, 
the rolls must he long in order to distribute the load over more .surface. 
Flexible roller bearings are wound from strip stock, so that right and left 
spirals exist in alternate rollers, and the oil will be constantly circulated 
from one side of the hearing to the other. They are seldom used in aviation 
engines, rollers of solid section and short in length but of considerable 
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diameter bein^ favored. The carrying capacity of a abort roll of the flexible 
type is less than a solid roller of the same length and diameter. 

In either ball- or roller-bearings the effect of the load is to flatten the 
supporting members a very small amount, so that in a roller-bearing the 
contact between the roller and race-way may be repre-sented by a rectangle 
having a length equal to the roll, hut with a wi<lth so small that it is usually 
considered a line contact. In a ball-bearing the flattening of the ball pro¬ 
duces an ellipse of such small area that it is usually considered a point of 
contact. As the reduction of friction depends u]K)n the amount of surface 
in contact, it can readily he understood that the h>rm having the least 
amount of surface would have least friction, nail-hearings are generally 
employed where it is desirable to reduce friction to a minimum or where 
hearings nnisl attain high speed. Roller-bearings have been wi<le1y applied 
where bearing.s of relatively small diameter but of large carrying capacity 
must be used, where the shafts revolve at a comparatively low speed, and 
where maximum hearing efliciency is not im|>ortant. Many examples show¬ 
ing the practical aptdication of all tyt>es of anti-friction bearing will be 
found at various points in this work. 



How Loodft ort Soil Thrust 
oppK'td on Soorin^ 



Sin9l« Row 


Ooubte Row 


Fig. 364.^T7pet of Ball Bearingt Uaed in Motor ConstructioR. 


An angular resultant is a load composed of a combination of end thrust 
and radial stress. A h.!!!- or roller-bearing having angular line of omtact 
is suited to resist either a radial or thrust load or a coinhinalion of the two. 
The angularity of a ]oa<l line of a hearing affects radial and end thrust 
capacity, depending u|Km the angle the load line assumes with the horizon¬ 
tal or vertical center lines of the bearing. As a hearing with a vertical 
load line has the greatest radial ca])acity and practically no resistance to 
end thrust, it fol]<»ws that one with a horizontal load line will have the 
greatest thrust capacity and practically no resistance to radial loads. This 
is clearly shown at Fig. 364 A. While it may he thought at first glance 
that a 45 degree angle load line would give equal thrust and radial capacity, 
this is not true as only the balls or mUers in half the bearing carry radial 
load while all of them resist end thrust. 

Great care is needed to keep anti-friction bearings free from water or 
grit, and also to keep them adequately lubricated. The lubricant must be 
a pure mineral substance, and should not contain acid or animal fillers, 
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because the highly polished surfaces of the anti-friction members and races 
will be roughened by etching or rusting due to chemical action, and this 
will interfere with smooth operation and tend to produce rapid depreciation. 
A heavy bodied lubricant of the semi-fluid type is best adapted for use in 
bearings subjected to heavy loads and revolving at low speed as in gear 
housings but as the most common application in aviation engines calls for 
their use in the engine interior where the lubrication and dirt protection 
features are properly taken care of and only oil of the best quality used, 
they work perfectly without attention. 

If an anli-friction hearing is boused in an oil-retaining, dust-excluding 
housing, it is gcKKl practice to use a medium grade oil and operate the 
hearings in a constant hath of lubricant. Hall- or roller-bearings should 
never bo driven in place or removed with a steel drift or hammer, because 
the races are hard steel and are ajit to he cracked unless they are forced in 
place either with a steady pressure, as by an arbor press, or by blows ap¬ 
plied through the medium of a block of hard wood or piece of babbitt metal 
intcrpose<) between the hammer and the bearing. The blow should always 
be directed or the pres.snre exerted against the race member that is being 
forced in place and never transmitted through the balls or rolls from one 
race to the other, 

Lightness of Conatruction.—The development of the aeronautic engine 
has focused the attention of designers and the public upon the light engine. 
In the case of the aeronautic engine, lightness is obtained mainly through 
machining out low-stressed |x>rtions of the various members concerned and 
because the large si^e of these engines rcmlcrs them less susceptible to the 
limitations imposed upon lightnes.s by foundry and forge considerations. 
It is not necessary in aviation engines to use twice as much material as is 
required to make a part which would work perfectly, providing it could be 
got in place without its being broken by dropping upon the shop floor. In 
the case of automotive engines generally, such methods of obtaining light*- 
ncss arc cither precluded or prohibitive in cost, though widely used in the 
design and production of aviation engines. Apart, how’cvcr, from the 
use of material of high s|>ecific strength and low weight which 
side-tracks foundry and forge diflicultics, there remains the considera¬ 
tion in the light of recent knowledge of the all-important question 
of engine prop<»rtions from the point of view of least crankcase weight. 
It is obvious that if the mean eiTcctivc pressure is independent of the stroke- 
bore ratio, the same power will be ticvelopcd by engines of the same cylin¬ 
der capacity at the same speed. Aeronautic engine experience throws con¬ 
siderable light on this question, some of the latest engines being of the 
short-stroke type and developing mean eflective pressures as high as those 
with longer strokes. In aeronautic engines overhead valves are universally 
used, so that adequate turbulence is obtained in the combustion-chamber, 
due to the compact shape of the latter. In the case of automobile engines 
it is undoubtedly easier to obtain turbulence in long-stroke engines with 
aide valves, than in short-stroke engines with side valves, but the difference 
is only a small percentage and there is, as already indicated, reason to 
believe that the combustion-chamber uf a side-valve engine by using the 
Ricardo head design can be modified so as to negative entirely its apparent 
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deficiency in respect to turbulence. 

If, then, the j>rnhlem uf strokc^borc ratio can he denuded of its power 
aspect, which also carries with it thermal efTicicncy, the ratio of stroke to 
bore can be settled on the basis of minimum crankcase weif^ht and manu¬ 
facturing convenience. From these points of view some authorities be¬ 
lieve the short-stroke engine has everything in its favor. To begin with, 
the overall length of the engine is usually settled by the summation of the 
valve diameters, which arc necessarily settled by the cylinder capacity, 
being the same for both long- and short-stroke engines of the same capac¬ 
ity. The overall crankshaft length, therefore, is also settled, since the 
bearing length.^ sliouhl be pro^xirtijmal io Ihc cylinder capacity, which is 
independent of the stroke-bore ratio. On the other hand, the larger throw 
of the crank of the long-stroke engine increases the weight directly, while 
its inherent extra ^'crankiness" calls f<»r larger dimensions, if equal stifT- 
ness and freedom from vibration arc to be assured. 1'ollowing the extra 
crank-throw is the cxtcmlcd scctnm of the cratikcasc, necessitating extra 
ribbing and metal fc»r strength and stifTiicss, extra height on the cylinders 
due to the longer stroke and hmger connecting rods, if the ratio of crank 
length to connecting rod length is to he the same as in the short-stroke 
engine. The length of valves and camshaft center distance from crank¬ 
shaft arc also incrcasc<l in the IrMtg-.stroke engine, the latter calling for 
considerably heavier timing-gear than <»lhcrwise refpnrcd. 

Materials Used in Engines.—The constructors of avi.ation engines have 
evidently determined that s<mic materials are more suitable than others, 
and in most instances there i.s a similaritv in <letaM.s of construction which 
founds the belief .standard inethi»cl.< will he adoj)tcd and accepted generally, 
as has been the experience in motor c.*ir Iniilding. The suitability of the 
materials ordinarily used may he determined by any «jf several methods 
of com])uting stress, which may be divi<lcd into longitudinal and transverse. 
Under the former head nmy he considered tensile strength or the power 
of resisting pulling force, and coinjircssioii strength or resistance to crush¬ 
ing force. Under transverse stress may he consi<lered shearing, or resist¬ 
ance to cutting across; bending, which is resistance to cross breaking, and 
torsional strain, >vhich is obtained by rcsisiing twisting .stress. When a 
load is applied to any slnictiirc 4»r comjHnient it causes a change of form, 
which may be very slight, hut which always lakes jdncc. hiwvever small the 
load. The change of form thus pnxluccd is called strain and the acting 
force stress. 

The ultimate strength is the maximum resistance under load, the great¬ 
est stress that can he obtained or exist before midurc. The working load 
is that which the piece is pro|»ortioned to hear. In proportioning any struc¬ 
ture, engineers usually alU>w a certain factt»r uf safety, in machinery this 
being six or eight, while in .structures erected by the architect or civil en¬ 
gineer, the figure is five or six. The factor of safety should he larger under 
live and intermittent loads than under steady or dead loads. This means 
that if a certain piece of metal appears to he theoretically strong enough 
of a certain section to do stated work in practical application it should be 
made five or six times stronger than actually necessary to insure an ample 
margin of safety for unexpected stresses. The material which best resists 
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the strains imposed upon it will he most suitable, and for the airplane en¬ 
gine that which has the greatest strength per unit weight is the most satis¬ 
factory, providing that it has sufficient capacity. Airplane safety factors 
average around eight. 

When using metal, lightness may often be obtained by the use of 
pressed forms anti slam pings in place of the heavier castings and forgings, 
which do not possess greater strenglli or rigidity in maJiy instances. Tub¬ 
ing may be used in strnclural work, this made of light and highly resistant 
materials and strength is olitaincd with a minimum amount of metal. When 
a forging or stamping of metal is used it may he lightened by boring holes 
without too great a sacrifice of strength, such holes of course being bored 
only in the lightly lo^adcd ]mrlioiis o{ the piece. It will be apparent that 
alloy steels, which have excellent physical properties and great strength 
per unit weight or area of sect ii mi arc the best ft>r use in aerial m(»tor5. 
Less material is needed in a piece to .secure adetjualc strength and weight 
is correspondingly rctlnccd. The range of alhiy steels is very great and 
numerous alloying elements are tisctl in connection with forrons metals. 
These include nickel, chromium, vanu<lium, manganese, molylnlenutn. tung- 
slen, silicon and varion.s coinbinalioTis «>f these metals. Most of the alloy 
steels are costly to buy, and expensive to machine and heat treat. 

More than 40 difTerent kinds material are used in the mo<lern aircraft 
engine. The most interesting materials arc the light and unusual alloys. 
Magnesium prtibably i.s mie of the more interesting of tlicse to engineers 
who arc not cinmcctcd with Ibc aircraft iiiclustry. 'i'his alloy is 40 per cent 
lighter than aluminum, has an average tcn.silc strength of 20.(XX) |K>unds 
j>er sijuare inch and an elongation of four per cent. It is comjiarablc in 
strength and elongation with the best non-heat-lrcated commercial alumi¬ 
num crankcase alloys. The lighter alloys of magnesium, alloyed with about 
five per cent <»f ahiniinmii. arc much less subject to corrosion than the 
original alloys that were priMliiced. This alloy ha.s been cast in almost 
every form that is use<l in an aircraft engine; lunvcvcr, the |>rcscnt cost of 
production pmhilnts it.s use in quantity. It is hoped that in the future 
sufficiant quantities will be available so that the material enti be usc<l with 
.success in later models of pn«luctioti engines. With this material available 
economically and with higher engine speech remarkable performances may 
be expected. 

Aluminum-bronze is another materia] that has come into extensive use 
in aircraft engines. This makes a very rctnarkalde valve insert metal, as 
its coefficient of expansion is about the same as that of aluminum. The 
valve seat, after a few hours of engine running, presents a mottled appear¬ 
ance almost as if the metal were pitting. We find, however, that this is not 
the case and to recut the scats because of this appearance is mit wise. The 
valves will continue to function for hundreds of hours without trouble with 
this construction if the proper cooling is provided around the valve insert. 
The material can be heat-treated to give about 200 Brinell hardness for this 
work. 

Duralumin is an alloy with which nearly everybody in the automotive 
industry today is familiar. It is used extensively in modern engines, in both 
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ihc cast and forged forms. It is particularly advaj>tageous in the forged 
lurm owing to the small amount of work that is necessary on the forgings 
rifter they are received. The finish of the forgings is perfectly satisfactory 
and it is necessary only to remove the flash before putting the forgings into 
the machine shop. We have found that the cast high-tensile aluminum 
alloy is unusually satisfactor)' for cylinder heads. The average tensile 
strength is more than 30.000 pound.s per square inch and elongation about 
vix per cent. It is extremely notqKiroiis and very uniform in texture, and 
It machines very satisfactorily. I'he cylinder heads and water jackets of 
our water-cooled engines atid in the crankcases of the air-cooled engines 
are the places where this alloy is used. It is api>roximalely ten per cent 
lighter and nearly lOO per cent stronger than the usual crankcase aluminum 
alloys. 

V-alloy is an alloy of atuminuni with co)q)er. nickel and magnesium. 
It is u.sed for pistons in many engines and in the cylinder heads of air- 
oioled engine. This material is a light afuniitniin alloy owing to its low 
copper content and is a wtmderful bearing niatcrial. It seems to be as 
strong as high-tensile strength aliuniiiuin alloys in heat-treuted condition 
hut has a marked advantage in having strength at high temperatures. V* 
alloy needs heat-treating iiperatitms to realixe its protKTlics io the utmost. 
High .silicon aluminum alloys are used U>r sections varying from iitch to 

inch ill thickness successfully. 


SCRF-W STOCK 


S A. K, 

1 

1 



Str«1 

Carbon 

MjiigancHe 


Sulphur 

No. 

Hxiixc 

Hjnur 

M»x. 

Hungt 

\U2 

0.08 am 

(MiIMJHO 

{iW{} 13 

0 075-0.15 

1120 

0 15-0.25 

UfiO 090 

KUx. u.ar» 

0.075-0.15 


' Tlir omiciH for sm*K Ko. l.tSU jixl I.ViU slwll ihiI exceed (J.tU per cent. 


STICKL CASTINtiS 


S A-E. Sitel 

1 

1 PlKKsplfekrUS. 

• 

Sulphur. 

Nil. 

I'aibiin 

Mux 

Max. 

12.15 

1 .As rin|iuri*(l Ii> pliyMcal 

1 pruiN'rties 

0U5 

U.U5 


S. A. E. Steel Speciheations.^Definite applications of S. A. £. Steels 
are not covered hereinafter, as it will he readily appreciated that the selec¬ 
tion of a proper steel for a given part must (leiwnd upon an intimate knowl- 
<^dge of a number of important factors, such as the availability and price of 
the material, the detailed design of the part and the severity of the service 
to be imposed, whether the part is tu l»e forgc<l or machined, machineahility 
^nd the method of manufacture. Only after a careful cimsideration of 
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these factors can the pro|>er steels fur the great variety of automotive part- 
hc selected. By pn^viding charts that show the conservative physicni 
properties of the S.A.K. Steels, the designer is supplied with data that wil* 
in most cases cnahle him to ]>repare a list of satisfactory steels from tli* 
standpoint of physical pmpertics, after w*hich the final choice wilt depein^ 
upon such ItHvil conditions as niachincahility, heal>treating. delivery and 
price. The alloys of iron are numenms and varied and the heat re.suh: 
can (»nly he obtained hy using heut treatments heat ada))ted for the wori. 
(he part is to do. Some pieces of the engine must he strong and tougli 
others mu.sl have a hard surface to resist wear. The following cheniicjd 
cmn posit ions are given to sho>v only a few of the possible alloys hut those 
given have been definitely applieci to nntoinoiive parts. 


CUKMU AL (*<)MP<tSITIONS 
S A I’* SlmuUrd 
CARBON STKRLS 


S. A. K. 
Suvl 

No. 

t'aihiHi 

Kmukc 

1 

MancaiirM* j 

Katie c 

I'liospitorus, 

Max. 

Sii1|iht(r 
^ Max. 

nm 

005 (MS 

o.to OUl 


UU5 


0 10-0 20 

030 0.60 


0 05 

lOiO 

0 

UMi OfiO 

0 045 

005 

1025 

i 0 204»..t0 

0.50 0 m 

0 04.5 

U05 

1030 

0,25 0 3.5 

0 5(1 OHO 

0045 

0 05 

1035 

0.3U0 4{\ 

U5U-0M0 

0 045 

0 (».5 

um 

O.t.5 0 45 

0.50 OHO 

004$ 

0.05 

PM.S 

040-0.50 

O5O-U.80 

0045 

005 

1046 

040-0 50 

0.too 50 

0045 

0 05 

1050 

0 45-0.55 

0.50-080 

0 045 

0.05 

1095 

090-105 

0 2S-0S(J 

0 04<l 

0.05 

1350' 

{) 45-0 55 

090-1 20 

0 040 


\MAV 

(155-0.70 

(MXI-IJO 

0 040 

■m 


NICKEL STEELS 


S. A. E 
Steel 
No. ^ 

Carbon 

Kangf 

1 

Mansa- 

iipm: 

Range 

PIkk- 

(jhurus, 

Max. 

Sulphur. 

Max. 

Nickel 

Range 

ZtlS 

010-0.20 

020-0.60 

0.04 

0.(M5 

325-3.75 

2320 i 

0.15-025 

0.50-0-80 

U.04 

U.045 

3.25-3.75 

23.30 1 

0 25 025 

0 SO-O.HO 

0(M 

0.045 

325-3.75 

2335 

0 3(»-0.40 

0.50-020 

0.04 

0.045 

325-3.75 

2340 

0.35-0.45 

0.50-0.80 

0.04 ! 

0045 

325-3.75 

2345 

0 40-0 50 

O.SO-020 

0.04 

0.045 

3.2S-3.7S 

2350 

0-45-0,55 

0,50-0.80 

0.04 

0.045 

3254.75 

2512 

max 017 

0.30-O/iO 

0.04 

1 

0.045 

4.50-5,25 
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NICKEL-CHROMIUM STREI.S 


S A. K. 
St^el 
No. 

Carbon 

Range 

Manga- 

ncM* 

Range 

Phr»5- 

plMims. 

Max. 

• 

Sulfilmr. 

Max. 

Nickel 

Range* 

Chnimium 

Range 

3115 

010-020 

0 .. 100 ri 0 

oot 

0045 

1 00 1.50 

1 0.45-0 75 

.1120 

0.1S-0.2S 

0.10-0 Ml 

004 

0 045 

1.00 l..stl 

0.4S075 

.1125 

0 20-0.10 

o.so- 0 Kn 

004 

0(M5 

1.00-1 50 

0 45-075 

.11.10 

0.25*a35 

0.S0 OHO 

004 

0 045 

] 0(M..S0 

045-0.75 

.11.15 

0.10 0 40 

0. so OHO 

OfM 

0 045 

1<J0 l.,S0 

0 45 0.75 

.1140 

0J5-04.S 

0..S0 0.H0 

004 

0.<M5 

1 00 1.50 

045-0.75 

.1215 

0 10-0.20 

0.10-0 m 

1 

OIM 

0040 

i..sn- 2 on 

(MX>-1 25 

.1220 

01 .SO 25 

0.KUO Ml 

0.04 

O1M0 

1 50-2 Ml 

000-125 

.12.10 

0.25 0.15 

il.KMIM) 

004 

0 040 

i.so.>(Hi : 

0 Ml. 1.25 

.1240 

n. 15-0 45 

o.VMiriO 

004 

00441 

i.sn- 2 oo 

OMl-1 25 

.124.1 

0 40-0 .SO 

O.UMUiO 

004 

OIMO 

1 50-2 00 

0 Ml-1.25 

3250 

0,45.0.55 

0.1U-U(|0 

004 

004U 

1 50-2 00 

0.<X)-1 25 

3312 

max. 017 

0..10-0<4I 

004 

0040 

.1.25 .1 75 

1 25175 

.1.12.1 

0 20.0,10 

0.10-0 Ml 

004 

0.040 

.125.175 

1,25-1.75 

.1.V15 

O.KM) 40 

0.10-0 Ml 

om 

0 040 

.125-3 75 

1.25 175 

3.140 

0.15-0 45 

0..10-UMI 

004 

0040 

.125-3 75 

1.25-1.75 

.141.1 

0 10 0 20 

0 45 0 75 

OIM 

0 040 

2.75-.125 

0 (/}0 95 

.1435 

O.m 0 4<1 

0 45 0 75 

OiM 

0 mu 

27.S..125 

0 (lO-OOS 

3450 

0 4.S-0.55 

0 4.S0 75 

004 

0.040 

2 75-3 25 

0 Ml-095 


MOI.runKNUM STKKI.S 


S A. F. 


Miiii- 


Sul- 

Cbrii- 


Mnlyb- 

Steel 

C adx Ml 

gaiK'xe 

|ilK»ru\ 

pliiir. 

timmi 

Nickel 

Ociium 

Nu. 

Rango 

Kangi' 

Max. 

1 

Max 

Kaiigc 

Range 

Range 

4130 

0 25-0.15 

0 40 0.70 

orM 

04M5 

0 50-080 


015 0 25 

4140 

0.15-0 45 

040-0 70 

om 

04M5 

O.MI 1 10 


0.15-025 

4150 

0 45-0.55 

0441-0 70 

0 4M 

(MM5 

080-1.10 


0 is-n.25 

4015 

0.10 0 241 

0.10 0.50 

004 

0 045 


1.25-175 

0 20-0.30 


CHROMIUM STliRC-S 


S. A. E 
Steel 

No. 

Carlion 

Range 

Manganese 

Range 

n>ns- 

Ithorus. 

Max. 

Sulphur. 

Max. 

Chruinium 

Range 

5120 

0.15-41J5 

0.VI OM) 

0(M 


0.00-0.90 

5140 

0.35-0.45 

0.50-0.80 

0.04 


0.80-1.10 

5150 

1 0.45-0.55 

050 0.HU 

0.<M 


0.80-1.10 

52100 

0.95-1-10 

0.20 0.50 

0.UJ 


1.2O-1.S0 
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CHROMIUM’VANADIUM STEELS 


S. A. E. 


Manas- 

Phos¬ 



Vanadium 

Stffl 

Carhoii 

ne»e 

phorus. 

5fulphur» 

Chromium 


I)r 

No. 

Range 

Ranac 

Max. 

Max. 

1 

Range 

Min. 

8ire<l 

6120 

015-0 25 

0.50 0.80 

0.04 

Ml 

0.801.10 

m 

018 

6U5 

0.20.0 .to 

0 50-0 80 1 

am 


080 1.10 

HiEI 

0.18 


0.2.5 0.t5 

0 500 80 1 

004 


0.80-1 10 

■in 

■iri 

61S5 

0.30-0.40 

1 

0.50-0.80 ' 

0.04 

mm 

O.SO-1.10 , 

1 

O.IS 

0.18 

■Rl 

0.3.5-0.45 

0.50.080 

0-04 

HI 

1 

080 1 10 

015 

018 


0 40-0.50 

0 50 0.80 

O.IM 


080 1.10 

015 , 

0 IK 


0 45-0,55 

0.50 0 80 

o.m 

mssM 

0 80-1.10 

015 

018 

mm 

0.90-1.05 

02<»-a45 

0<I3 

0<M 

0.80-1.10 

0 15 

0 18 


TUN(;STJi:N STEKLS 


S, A. E. 
Steel 

No. 

71.V)0 

7iri60 

7260 

Carlton 

Kana^ 

Man- 

eaiie.se. 

Max. 

PU>5- 

plinrus, 

Max. 

Sulphur, 

Max. 

C*hr«»- 

niiiiin 

Range 

T uitRKten 
Range 

0 50-0 70 
O.SO-0 70 
0.50-0.70 

o.,to 

030 

0.10 

0.tU5 ' 
! 0<U5 
' 0 0.15 

0035 

0.035 

0.<L15 

1 

.100 4 00 

3 00 4 00 
0.50-1 00 

i ; 

1200-15,00 

15 00-1800 
1.50* 2 00 


SIMCO-MANtiANESK STKKL 

5 

S. A- E 





PIhw- 




Steel 

('arhon 

ManaaneM* 


ItlMiriis, 


Sulphur, 

Silicon 

No- 

Kanae 

kaiiRc 


Max. 

1 

1 

Max. 

Range 

9250 

04.5-0.55 

OMl-OQO 


0045 


0 045 

1 80-220 

9260 

0.55-0.65 

U.fiO-OOO 


0045 


0045 

1 AO 2.20 


Nickel and Chrome Nickel Steel Airplane Engine Parts.'^Alloy steeK 
containing cliromiuni ati<] nickel have been widely U5^ed in airplane engine 
parts. The steels used in the constnictum uf the Wright "Whirlwind" 
engine parts where exceptional strength combined with light weight is 
desired are of the nickel or chromium alloyed types. The nine cylinder^ 
are lx)lted to the aluminum alloy crankcase with chrome-nickel steel stud> 
and nuts. The single-thmw crankshaft is made of S. A. E.-3.140 chrome * 
nickel steel and is mounted on two roller bearings and one outboard ball 
l>earing which also takes the propeller thrust. The shaft is counter¬ 
balanced, the weights being securely fastened by means of rivets and bolt." 
made of 3J40 chrome-nickel steel. The master rod and cap and bolts art 
made of chrome^nickel steel. The rod is fitted with a steel back babbitted 
bearing lubricated by pressure feed. The eight articulated rods are of 3,14i^ 
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vlirome-nickcl steel. The piston pins are made of either 3,250 chrome- 
nickel or 6,150 chrome*vanadium steel, oil hardened, while the knuckle pins 
.ire made of 3,115 chromc-nickel sled, case hardened. 

The crankshaft gear is made of 3,115 chrome-nickcl steel, case hardened, 
and is keyed to the shaft. I'his part is made with a hmg sleeve which forms 
j bearing for the cam hub which is run concentric with the shaft. The 
nilet and exhaust cams are integral and made of ."^.115 steel. The cams 
<operate the roller tappets of 3.140 which are arranged radially op{>osite 
each cylinder. 'The push rods are of thin*walled 3^ per cent nickel steel 
tubing while the valve rockers are made cif 2.3.W steel. The magneto drive 
L^ears and cimpling, the fuel pump gears, the lac hum el er gears and shafts 
arc all chromc-nickel steel 3,140. 

A complete list fif the parts in which nickel chrome-nickel steels are 
used is as follows: 


Name uf Part S.A.R. Number 

Balance wdalM pin^ . 3140 

Cuunivrwciglit rivet .3140 

Knuckle pin ..lll.S 

Knuckle pin lock..1140 

Piston pill ..1350 or ol.50 

Oil preHMire relief Ix-ly .3140 

Oil pump drive ijear ..1141) 

Oil pump idler gear .3140 

Oil pump gears .3140 

Oil and fuel pump drive gi':ir..1115 

Tachometer drive geur . 3140 

Tacluuneter drive »i1ufl .3140 

Xt aster rod .3140 

Maner r«Ml cup . .1140 

Xlasicr fixl holts..1140 

An leu tan'll tikIh . .1140 

C’ranksiwft .3140 

C'rankslufl gmr..111.5 

Mugni'to coupling drive gcur .3140 

MagiicU» coupling gear ..1240 

MagncOi drive gear.3140 

Magneto gear.3140 

Magneto cap screws.3140 

Cam driving pinion . 3115 

Cam drive gear. ..1l4tt or fdSO 

Cam driving gear . 3240 

Cam driving pin mi tliniM w.ioImt.3140 

Inlet ami cxlauM cam .3115 

Valve tappet redUf pin.3115 

Valve tappet . 3140 

Valve tai»pct liall sjcket.3140 

Valve pudi rc»d .Ni seamless tubing 

Valve push f«Kl adjusting nut .3140 <»r 3250 

Valve rocker^ (inicl and exluiust) .2.1.10 

Valve rocker support phi sU'evi* .3140 or .1250 

Valve facker support pin . 3140 

Valve rorkcr support stu<l mit . 3140 

Valve spring waslier (lower) .3140 

Valve r<K*k<r support cover screw.3140 

Valve rocker sui>pof1 phi spacer.3250 or 6150 

All imporunt screws, studs, bolls and nuts. 
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The specifying of proper materials and heat treatments on a motor u 
this type is of the greatest importance and is vita) to its reliability an ' 
long-life. Chrome-nickel and nickel steels have been selected largely 1.5 
account of their iinih»rm and reliable pniperties. The forging grade 3.14 
used in so many parts is heat treated to give a combination of high strengib 
and toughness. The 3.115 steel used in carburi 2 e<i parts gives a high ham 
ness of the case coinlnned with a strong and tough core. 

Although the S. A. K, nitml>cr.s have been used to indicate the steel, ilu* 
specifications of the Wright Comjiany often vary from them slightly tn 
insure the higliest grade material. The chemical analyses reciuired an 
3.115 and 3,14() are given 1>elow: 


Carbi'iii ... 

PU»!4plkitrus 
Sulpinir 
Nickel 
Oir urns um 


3115 

. 0 . 10 - 0.20 
. 0S<1 —t».K0 
Max. OCM 
Max (MM5 
, I 10—I,SO 
. 045 — 0,75 


3140 

0.35 — 0.4S 
0.5tl —OHO 
Max 004 
Max 0045 
1 10—I SO 
045 — 075 


Some t 3 'pical licat treatments used in various parts are given below' 
Heat troatmeni and o|K'ratH»iis of inlet and eshausi cam. of 3.ll.^ 

steel, ease hanlened: 

1. After forging. nonnaliTie at 1.625-1.650 degrees Fahrenheit. 

2. Machine. 

3. C opper plate execjit gear teeth and cam. 

4. Carburize al I.6.SO-1.675 degrees Fahrenheit to secure a depth til 
case of -050 to .060 inch: cool in the iK>t. 

5. Ilanlen ami e.samine lest j>ieces td the same steel to verify depth 
of ease. 

6 . Drill holes. 

7. Deal to 1.400-1,425 degrees Fahrenheit; quench in water in a fixture 
to prevent vvarpage. 

8 . Rem«»vc immediately and place in oil bath at .350.375 degrees Fah¬ 
renheit to temper. 

9. (Jrind. 

10 . inspect for hardness. 

The crankshaft and master rod are both made of 3,140 steel and have 
the same general heat treatment as shown hy the following for the rod: 

1. After forging, anneal. 

2. Rough machine. 

3. Heat to 1.480-1,500 degrees Fahrenheit and quench in oil. 

4. Draw in a lea<l bath to secure 277 to 321 H.h.n. 

5. Pickle. 

Double notch Izod impact s|>ecimens are faced and heat treated with 
every part calling for these properties, the average of the iw'o impact value 
on the bars must Ik.* as n<»ted almve. 

Thi.s material and heat treatment calls for the following minimum 
properties: 
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Ultimate Strength 

12R.000 psi 


Elongation % 

Brinell Hardnesa 

laod Impact 

17 

277 

56 

16 

286 

52 

15 

2^3 

48 

14 

302 

45 

13 

311 

42 

12 

321 

40 


Nttralloy and Nitriding.—Leon (inillet. a scientist, has presented to ihe 
IVoiuh Academy cd Sciences a descrij»lioii of a recently pcrfecleti ’‘Ni- 
indcd steels** which he helicves will rcvoluUotiizc airplane inanufactnre. 
“At present the cylimlers of airplane nu»tors are com|M>setl oi nickel and 
i>lher alloys which wear ont (piickly.** M. (hiillct says. ‘*As they wear the 
nil ctm.suiiijilinn nionnls.*' Steels fc*r nitriclint; are now hein^; manufactured 
III the Unilc<l States hy Central Alloy Sled Cortniration oi Massillon, Ohio, 
iiiid The Ludhim Sled Co. of Walervliel, N. Y., using the trade name 
"Njiralloy.** For many years Ulth producers and cunsiuncTS have sought 
vteds and case-hardetuiig mellnxls which won hi t>rodme the ideal coni- 
Inimtion nf exlrcine hardness, wear rcMstancc and toughness wilhnut the 
<!iflictillies, such as deformation, distortion and hreakage. which frciiuently 
attend the carhuriaing pruicss of hardening. 

'rile nitriding jiroccss suhjects special Nitralh^y steels to the action of 
ammonia gas, for a pcruMl of time which varies with the depth uf case 
desired, at a temperature of approximately degrees Fahrenheit, wjthnul 
Mihsc<|Mcnl quenching. The rase of minded Nitralloy will scratch glass 
with case. Even special testing hies wear smooth witlumt ciTect on its 
extremely hard surface. Such a degree of hardness is heyond the effective 
range of the ti.snal methods of hardness testing, llcrhert Pendulum re¬ 
sults read in terms of Urinell numerals show as high ns 900-1,100 Brinell. 

The manufacturing process employed can he summarized as follows:— 
The cylin<lcr is first rough machimxl ti* within tuo to three millimeters 

finished dimensions. In this state the part is given a quench and draw 
wliich will sh<jw a tensile strength of •X) to 95 kilograms i»cr s<|uare millinielcr. 
.After this treatment, the outside h nearly finished leaving, however, a 
l ertain amount of tnntcrial which sh<»nl<l l>e reimoetl after hanlenlng. The 
hnre is brought to finish <iimcnsions, leaving only '/ju niilhmctcr for straighten- 
lug after hardening. In this stale tin' iiutsule is tirotccled against nitriding so 
as to l)e able to finish machuie without grinding after the hardening. The 
luarts are then nitrided to a depth of %„ to of a millimeter. After hard- 
cning, the parts arc again machined, 'fhe pnitectcd outside is first finish 
machined, then the bore is rectified. The cylinders are then put in the 
Id'^ks. This procedure yields cylinders of extreme hardness which cannot 
he filed and are perfectly interchaiigeabic. 

Nitriding insures that they will kcei> their very great hardnes.s, even 
^ftcr the heating which they must undergo <lnring normal running of the 
motor. The ordinary temperature reached in these cylinders is. however, 
quite inferior to that permitted hy these nitrided steels whoso hardness 
does not change tip tu 930 degrees Fahrenheit. Cylinders nitrided in this 
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way work equally well with cast iron or aluminum pistons. Pistons an* 
rings are perfectly polished in contact with the hard surface of the cylin 
dcr and wear <lisappcars nearly totally. The hardness of nitrided specie 
steels can produce a very remarkable polish which changes entirely frictin? 
conditions. Aluminum alloys can rub directly on steels nitrided and pol 
ished without fear of we.ir or seizing. Motors are actually running will 
crankshafts of sjiecial nitrided steel without bronze or hahhit bearin^^^ 
Similarly nitrided and iiolisbcd piston pins ran 1>e mounted directly in 
duralumin connecting rods. In recent tests, substituting t)ie direct mounting: 
of connecting hkIs on a nitrided cr.inkshaft showed a gain of ten per cein 
in power at 3,000 r.p.m. and the ninximuni .speed was increased to 4.0(Kj 
r.p.m. 

S. A. E. Non-Ferrous Metal Specifications.—In addition to the wide usr 
that is made of alloy steel in the conslnuiion oi jjarts of aviation engines, 
there arc a nnmf^er of non-ferrous nielala that cuter intcj the constructitnis 
of main and minor structural elements. 'I'hc following specifications and 
general information should be of value to the reader. 

WIHTIC HKAKING METALS 

The limits for the clicinical cornjion.•% specifKvl for metal in ingni 
form arc closer than the limits specified for cast jirmincts. as Hllowaiices 
have been made for variatitMis in the chemical content due to casting. 


SPECIFICATION NO. lU. HABUITT 


Composition rn prrccnut^c: 

Tin, min. 

Oq>|>cr . 

Aiiirmony. 

Lcail. fiuix . 

Iron, max. 

Arsenic, max. 

nismulh. max. 

Zinc and Aluminum .. 


< ust PotllllClS 
90 

4 to 5 
*1 Ut 5 
0J5 
0.08 
0 lu 
O.OH 

NujkC 


Ineois 

9(175 

4J5 (o 475 
4J5 ti* 4.75 
O.Tt 
0.08 
0.10 
OOK 
None 


When finished brouzc-backed l>caring.s arc purchased a maximuiTi of 
0,6 per cent lead is i>ermissil>le in scrajHxl samples prr*vidcd a lead-tin solder 
has been used in Ixuiding the lironzc and the l>abbitt. 

General Information.—This babbitt is very fluid and may be used fi*r 
lironze-backed bearings, imrticiilarly f<ir thin linings such as arc used in 
aircraft engines. It is also suitable for <lie castings. 


SPECIFICATION NO. 11. BABBITT 
Compositian in percauage: 

C^si Products Inaots 


Tin, min. 86.00 87.25 

Cupper . S.TO to 6.S0 5.S0 to 6.00 

Antimony. 6.00 to 7.S0 6.S0 to 7.00 

Lead, max. 0.3S 0.55 

Iron, max. 0.08 0.08 

Arsenic, max. 0.10 0.1(1 

Bismuth, max. 0.08 O.OB 

Zinc and Aluminum. None None 
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When finished bronze-backed bearings are jmrchased a maximum of 
0.6 per cent lead is permissible in scraped samples provided a lead-tin solder 
lins been used in bonding the bronze and the babbitt. 

General Inforrnation.—This is a rather hard babbitt which may be used 
ior lining connecting-rod and shaft bearings which arc subjected to heavy 
pressures; its “wiping” tendency is very slight. It is also suitable for die 
castings. 


SPECIFICATION NO. 12. BABBITT 

Composiiinn in perceiUagc*: 

isM ProdiKiH Insots 


Antimony . O.SO tr> 11.50 10.25 to 10.75 

Copper . 225 X7f» 275 to 325 

max . 26.00 25.25 

Till, min. 50 5tl 60,00 

Iron, max. IMM IKOK 

Bismuth, max. 008 0.08 

7iiK and Aluminum. None None 


General Information.-^This is a relatively cheap babliitl and is intended 
fnr bearings sttl^jcctcd to iiKHlernte pres.sures. h is also suitable for die 
castings. 


SPRCIFU'AI KIN N<1. 13, BABBITT 
Ciimpnsit inn in percenugc: 

CaM PoxluetH Inants 


Tin . 4.50 til 5 50 * 4.75 to 525 

Anllmiiny . 925 to 10-75 975 io 10.25 

Ixad, max. 8t)0n 85.50 

Copper, max . 050 O.SO 

Arsenic, max. 02') 0.20 

Zinc uikI Aluminum . Niinc Nune 


General Information.—T^is i.s a cheap ba!>bitl and serves .successfully 
where the bcaritigs are large and the .service light It sinmid not lie used 
as a substitute fur a lubliitt with a high tin content. It is also suitable for 
die castings. 


SPECIFICATION NO. 14. BABBITT 


Compodlfton in percentage: 

Tin . 

Antimony . 

Lead, max. 

Copper . 

Arsenic, max. 

Zinc and Alnminuin 


Cast Products 
925 to 1075 
14.00 to 16.00 
76.00 
aso 
0.20 
None 


Ingots 

9.75 to 10.25 

14.75 to 1525 
7525 

0.50 

020 

None 


General Information.—This is a cheap babbitt and serves successfully 
where the bearings are large and the service light. It should not be used 
as a substitute for a babbitt with a high tin content. It is .suitable for die 
castings. 
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ALUMINUM ALLOYS 

SPECIFICATION NO. 30 

Composition in percentage: 

Aiirniintifn. min. 90.00 

Gmper .7.00 to 8.S0 

Zinc, max. 0.20 

Silicon. Iron. Zinc. MaiiRajiesc aiul 

Tin, nuix. 1.70 

Ollier Impurities . None 

General Information,—'riir tensile strcnplli of tcsl-s|)ccimens about 

inch eliameicr of thi.H all<»y cast in san<l ami tcstc<l without machining 
ofT the skin shouUl he n I Mint IK.OOO to 2().000 |Mnin<ts per s<|tiare inch ami 
the elongation one t<i two per cent in two inches. 

This is a light alloy having a specific gravity of aliout 2.M and is tisnl 
more extensively in (lie atitoniotivc industry than all other light casting 
alloys com 1 lined. A shrinkage of 0.156 (%:») inch per fmil should Ik* 
allowed in pattern designs. This alloy is used for crankcases, oil-patis, 
steering-wheel spiders. ilifTerential carriers, transmission cases, camshaft 
housings, hull-caps ami similar parts. 

SPECIFICATION NO. 31 

Ctimposition in percentage: 

Aliimiiium. min. 81.00 

(upper. 225 tn 3.25 

Zinc.12.50 to 14,50 

Siliom. loin. MaiiRaiicse and 

Tin, m:ix. 1.70 

Otlicr Inipurjiics . None 

General Information.—The tensile strength of te.st-s|)ccimen8 alxiut }/* 
inch diameter of this alloy cast in sand and tested without machining oil 
the skin should he aiMJUt 25.000 to 30.000 ]M>unds per square inch with an 
elongation of more than one per cent in two inches. 

The sjjecific gravity U about 3.0 and a .shrinkage of 0.156 (%$) inch 
per fmit should be allowed in pattern designs. 

This alloy is used extensively in England for such parts as crankcase.^:, 
oil-pans, steering-wheel spiders and transmission cases. 


SPECIFICATION NO. 32 


Composition in percentage: 

Aluminum, min. 8550 

Cupiwr .11.00 to 13.50 

Zinc, max. 020 

Silicon. Iron, Zinc. Matii^anebO aixl 

Tin, max. 170 

Other Impurities . None 


General Information.—The tensile .strength of test-specimens about y- 
inch diameter of this alloy cast in sand and tested without machining 
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the skin should be about 19,000 to 23,000 [>ounds per square inch and the 
vlongation will be practically nothing. 

The specific gravity of this alh^y is a1>out 2.95 and a shrinkage of 0.156 
I % 2 ) inch per foot should l>e allowed in pattern designs. This alloy is used 
for manifolds, pumps, carburetors, cylinders and other parts which .should 
l>r free from leaks and where the l^rittlencss of the alloy is not objectionable. 

SPRCIFICATION NO. 33 

Composition in percentage: 

Alumiiiuni .SKOO in 92.00 

Copper.6.00 to 8.00 

Zinc, max. 2..^ 

Iron, max \.$0 

Silicon, Maiiaanc«e and l*iii. max. 0.75 

Other Iminirilies. N«me 

General Information.—The tensile strength t>f Icst-spccinicns aliout yi 
inch diameter of thi.s alloy cast in .sand and tested without machining oiT 
the skin should l>e alxnit 19.000 to 21,000 poniuls per square inch with an 
elongation of one to two per cent in two inches. , 

This is a light alloy having a specific gravity of 2.M to 2.Wi and is used 
extensively in the automotive imhistry. A shrinkage of 0.156 (%•») 
per foot should be allowed in pal tern designs. 

This alloy is similar to Specificatitm No. .30 and is used for crankcases, 
od-pans, steering-wheel spiders. difTcrential carriers, transmission cases, 
camshaft housings, hnb*ca|is and similar parts. 

SPKCIKICATION NO M 

Composition in prrc^ntaise* 

Aluminum, mm . 87.00 

topper.. M25 |r> I0.7S 

Iron ... _ .. 1.50 

.U.I5 lo 0.35 

All uthi*r rlcmetiis, m»t over ... 0 75 

4 

General Information.—Tc.st-bar.s cast in a chill mould show a tensile- 
^-trength of 24,0CX) tu ,30,000 poumis per square inch and the elongation in 
two inches is usually less than «me per cent. The specific gravity should 
not exceed 2.95. The Mriucll hardness mimlier, using a 500 nr 1,000-kilogram 
Ir^ad with a liall ten millimeters in diunicler, should 1>c nut less than 8S and 
'should average al>out 105. 

This alloy cast in permanent in<mlds is used principally for pistons, 
camshaft bearings, valve tappet-guides and other parts where high hardness 
and good bearing qualities arc essential. 


SPECIKICATION NO 35, ALUMINUM 


Composition in percentage: 

Aluminum, min. 
Copper, max. ... 

Iron, max. 

Silicon . 

Zinc, max. 

Manganese, max. 


. 92.50 

,, . (1.60 

1.00 

4.50 (n 6.50 

.... 0.20 

. 0 ^ 
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General Information.—The rointmutn teosile-stren^h of test-specimen 
about ^ inch in diameter of this alloy cast in sand and tested withou: 
machining off the skin, should be about 16,000 pounds per square inch witl 
a minimum elongation of 3.5 per cent in two inches. 

This alloy is intended for automobile body parts and other parts that 
must be cast in thin sections. The alloy withstands salt-water corrosion 
very well and is therefore suitable for aircraft engine parts or other pan^ 
that may he subjected to severe corroding influences. The alloy has a 
relatively low yield-point and therefore cannot be used where great strength 
or stiffness is required. 


CAST BRASS ALLOYS 
SPECIFICATION NO. 40. RED BRASS 


Composition in p«rcenuae. 

0*pper . 

Tin . 

Lead . 

Zinc . 

* Imn. max. 

Antiimmy, max. 
Aluminum . 


S3.00 to 86.00 
4.50 to 5.50 
4.50 to 5i0 
4.50 to 5 50 
0.35 
0.25 
None 


General Information.—(inod castings made of this alloy should give the 
following minima in physical characteristics: 


Ultimate airengih. 1b. per 141. in..27.0(10 

Yield piml, lb. per M|. in. 12.000 

EkaiAatioii in 2 in. or propiiriioikatc 

gauge length, per cent. 16 


This i.s a free-cutting brass w*ith good casting and finishing properties. 


SPKClKi CATION NO. 41. YELLOW BRASS 


Compoi^ition in percentage: 

Copper . 

Lead . 

Zinc . 

Tin. max. 

Iron, max. 

Aluminum . 

Other Impurities 


62.00 to (1.5 DO 
2.00 to 4.00 
31.00 tp 36.00 
1.00 
0.50 
None 
025 


General Information.—Good castings made of this alloy should give the 
following minima in physical characteristics: 


Ultimate strength. Ih. per sq. in. 25.000 

Yield point, lb. per sq. in. IZXXO 

Elongatiun in 2 in. or proportionate 

gauge length, per cent . 20 


This alloy is intended for use in commercial castings where cheapnc'^^ 
and good machining properties are the main considerations. 






















S. A. E. BRASS AND BRONZE 


793 


SPECIFICATION NO, 42. WHITE NICKEL BRASS 


Cooposition in percenuge: 

Copper . 

Nickel, mm. 

Iron, mix. 

AluminuTn . 

Other Impurities 
Zinc . 


55.00 to 64.00 
1S.00 

aas 

None 

025 

Remain<ler 


General Informatioru^Good castings made of this alloy should give the 
following minima in physical characteristics: 


Ultimate strength, lb. per mi in. 30.000 

Rlungatiriii in 2 in. nr propairi innate 

gauge length, per cent . 20 


This brass is intended fur use fur trimmings or other parts requiring a 
fnetallic-while finish. The higher the nickel content, the more permanent 
will l)e the color. 


SPECIFICATION NO. 43. MANGANESE BRONZE 

This specifieatHm is substantially the ^rm as Sperificatiun No. B7'14 of the American 
Society for Testing Materials. 

Cumpusitiun iu percentage: 

Copper . 53.00 to 02-00 

Zinc . .W OO ti» 47.0U 

]«ea<1, mux. 0.15 

This metal may he hardened by the addition of small amounts of tin. 
iron, manganese, aluminum or a coinbinatiem of these metal.s. Good sand 
castings made of this alloy should give the following minima in physical 
characteristics: 


Tensile-strength, lb. per sq. in. 60,000 

Yield'puiikt, Ih. per sq. in. .^0,000 

Elongation in 2 in. or proport iemate 

gauge length, per cent . IS 

For the purpose of inspection, the most importance should be placed 
on the following minima in physical requirements un a special chill cast 
S. A. E. Standard tcst-l)ar. This test-bar shall he cut from one corner, 
near the l>ottom of the test ingot, cast in a properly laperctl iron mould, 
approximately three inche-s deep by inches wide by twelve inches long. 

Tenrile-strengih, Ih, per sq. in. 70.000 

Elongation in 2 lit, per cent . 20 

General In{onnat]on.^This alloy is intended for use in castings where 
strength and toughness are required. It is equivalent to the copper- 2 inc 
‘dloys commercially known as Cast Manganese Bronae or its equivalents, 
such as Cast Tobin Bronze and Cast Naval Bronze. 
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SPECIFICATION NO. 44, CAST BRASS TO BE BRAZED 


Composhioti in pcrccniaKc: 

Copper . . 

Zinc 

IamiI, max 
Iron. mnx. 


ft3.00 lo 86.00 
14.00 to 17.00 
0.50 
O.IS 


Genera) Information.^This hras.a Mnrt» to melt at approximately 
dofirees Fahrenlieii and is entirely melted at approximately 1.870 degree'. 
Fabrcnlieit. As a brazing material an this brass to l)e brazed either Silver 
Solder or a brazing brass melting at a temperature lower than the bra^s 
to be 1>razed slmnld l»e tise<l. 


SIM:t fnCATKJN N<l 45 BRAZINt; SOLDER 


Cemiposition in piTrcniHur 

t'oplHT 
Ia'ikI. max 
I am. nu\ 
Ziir 


4K0ri Ii. $200 
0.50 
0)0 
kcmaiiKlcr 


General Information.—*'rhi.s solder starts to melt at approximately l.Sfib 
clegrec.s Fabrcitheil and is entirely ntcHetl at approximately 1.600 degree^ 
Fahrenheit. It may be used by melting it in a crucible under a Bux of 
borax, with or withiuit the addition <»f boric acid, and dipping tlie materiul 
to he brazed in the melted brazing solder; or tins brazing solder, in n 
jKiwdered funn, may Ik* mixed with the flux applied lu the material to he 
brazed, and melted either in a furnace or by the use of a brazing torch. 


l^HONZK AI.I.OYS 

Hearings or*gears made of bronze alloys should be use<l only against 
hardenerl steel. 


.SPFCn iCATION ND. f«2, HARO CAST BRONZE 


Cofnpf^silion in prrmwaac: 

Tin . 

ixw\, nux 
Irnn. nux 
Zinc ... - 


WkOO to 89.00 
90U to 11.00 
0.20 
0.lXi 

1.00 to 300 


General ln£ormation.»Good castings made of this alloy should give tlu* 
following minima in j>hysk*al characteristics; 


Ultinutr strength, lb. per in. 30,000 

Yield point, lb. per sq. in. 15,000 

KkHigation In 2 in. nr paipurtiunate 

gauge length, per cent . 14 

This alloy is suitable wherever a strong general utility bronze is n • 
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11 Hired. It may be used for severe working conditions where heavy pres¬ 
sures obtain, as in gears and lieariugs. 


SPECIFICATION NO. 63, LRADKD GUN METAL 


Composition in percenUae: 

Co|n>pr . WiUJ 80.(10 

Tin . yClOlollOO 

Phr>sp>NinKj%. nuK. 0.25 

Zinc and (»tlicr ImpuriticN,max. O.V) 

Lead . 1.00 to 250 


General Information.—C)no<l casliugs mndc of this alloy should give 
ilie following mininta in physical characteristics: 


Ullimatc strcn(;(1i. Ih in .. .. .tlMVIO 

Yield pnmi. Hi. per m|. hi ... IJ.OIIU 

Elongation in 2 »ii. nr pro|iiirii«mii(e 

gaugr knglli, jicr cent. ICI 


Cfimhining strength with fair innchining r|uahtics. this general utility 
lironzc is cs]>ccial]y goiid for bushings subjected to heavy loads and severe 
ivorking con<liiions. 


SPECIFK ATIOK NO (A. PHOSPIIOR BKONZK 


Composition in pererntaae: 

Copper . 78 5(Mc» 81.50 

Tin . 0.00 t,» IIIJO 

l^d . 0.00 to II 00 

Phosplioriis . 0U5 to 0 25 

Zuic, max . 0 75 

Other lmpuri1ir$. max . 0Z5 


Genera) Information.—( hkhI casinigs made nf thi.s alloy should give the 
following minima in physical characteristics: 

Uhimntc Mrenglli. Ih. per mi in. 25.UUO 

Yield point, lb per m| m.I2.UXI 

Elungatuxi in 2 iil i»r pr<iportionatt' 

gauge length, per cent . 8 

This metal is an c.'ccclicnt coiutxisition for u.sc where nnli-friciion quali- 
lic.s are desired, standing up cxceedingl}* well under heavy loads and severe 
usage. 

SPECIFICATION NO. 05. PHOSPHOR GEAR BRONZE 

Composition in percentage i 

Copper . HH.00 to 00.00 

Till . 1000 to 1200 

Phr»phortJ'* . 0.10 to OJO 

Lead. Zinc and other Impurities. 

max. 0.50 

General Information.—Good r«n5lings m.'ide of lliis alloy .shotifd give the 
f<>llowmg minima in physical characteristics: 
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Uhimate strength, lb. per sq. in. 35.000 

Yield point, lb. per sq. in. . 20.000 

Elongation in 2 in. or proportkMute 

gauge length, per cent . 10 


This is a very hard bronze and may be used (or gears and worm wheel > 
where the requirement!* arc severe. 


SPECIFICATION NO. fi6. BRONXK BACKING FOR LINED BEARINGS 

Compasitiiin in percentage; 

Copper . W.no to 

Tin . 4.50 to 6,00 

Uad . 8.00 til 1000 

XttK, nux. 200 

Impurities, max. UJ5 

General Information.—C mkk] castings made of this alloy sh<mfd give the 
following minima in physical characteristics: 


Uhimate Mrenglli. Ih. per »i. in. 25.000 


Yield iwini. Ih. per m|. in . 12.000 

iCIongancm in 2 in. or prnportiuiiaic 

gauge length, per cent . 6 


This compositirm is recommended as an inexpensive but suitable alloy 
for hronzC“l)ackcd bearings. 


SPEt IKICATION NO. 67. SKMI Pt.ASTIC RkONZE 


Comptisilion in percentage: 

Gi|>fHT . 

Tin . 

J.cad . 

max. 

Ph(»sp1u»ni!(, max. 

Irrm. max. 

Aniimony. max. 

Aluminum . 

Impurities, max. 


75.50 tn 7H.50 
725 t« K 75 
IJ.50 to lO.SO 
050 
025 
025 
0.50 
Nunc 
0.75 


General Information.—(iimd castiugs made uf this alloy should give the 
.ollowiiig minima in physical characteristics: 

Ultimate strength, lb. |»er sq. hi. 2U,(X)0 

Eluugatiim in 2 in. or proportiimate gauge 

length, per cent . 10 

This metal is intended ft>r use where a soft bronze with good anli* 
friction qualities is desired. 


SPECIFICATION NO. 68, CAST ALUMINUM BRONZE 


Compubitiem hi percentage;* 

Copper 


85.00 to 87B0 
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Aluminum .. 7.00 to 9.00 

Iron . 2J0 to 4.50 

Tin (nfflw desired), max. 0.50 

Other Impurities, max. 0.25 


General InforTnation.^n<>cKt tnade this alloy should give Che 

following minima in mcthanical properties: 


UhimiUe ^ircuKib. lb. per u\. In. fiS.UXl 

Yield point, lb. per s*|. in. 20.UU0 

EbmRatMHi in 2 in. or propnrthrtutc gaiiae 

length, per cent . 20 


This is a non^rtirroflihlc alh\v of gnat sinnigih >\ith a harduc.^^s equal 
In that of maitganese hronxe and gn<Kl 1 scaring qualities. It is suitable for 
use in worm wheels, gears and .stinihir jmrts. 

The adojiiiou of S. A. 1C. Standanls and Kccinnmcftdrd Practices hy the 
.S(»cicCy docs not insure that users of conslniclions that iticurj>ora(c such 
standards or rec<mimcnded practices will not \k liable for infringetncni of 
l«tcnls that may exist or nuy hereafter be issiiwl. and d(H*s not con.stitute a 
reconimcmlatirnt of any |Kitcnlc<l or proprietary rights that ntay )>c involvecl. 

Cylinder and Crankcase Retention Bolts.—Holts, with which may be in¬ 
cluded other types of screw fastening, such as studs and sct-scrcws, arc 
frequently applietl without proper con .si deration of the problems involved, 
writes A. C. Hurgoine in the .'tufomohitr Etifjincrr, Motor designers seldom 
make calculations of the si^^e and number o{ bolts recjiiircd for many pur¬ 
poses. relying upon exjjericncc in making a suitable selection. To check 
the sizes of important holts is. of course, customary but even this is some¬ 
times done in a rather perfunctory manner. As a consequence, wide dif¬ 
ferences are found in the practice of various motor builders, and troubles 
frequently arise in service. Insufficient altentitm is paid to the selection of 
material and to w orkmanship, and only too often bolts are purcha.sed from 
outside sources of supplv almost entirely on a basis of price. Kveu where 
bolts are made in the factory, the tendency is to use the cheaper qualities 
of steel and to cut the machining times until both accuracy and finish suffer. 
The usual material for holts and other screw fastenings is low-carbon steel, 
commonly known as mild steel, hut alloy bteels are frc<|uent2y used by 
manufacturers of aviation engines in the iu(»rc im)>ortant applications. 
Plain carbon-steel of rather higher caribou content also is used for bolts 
but in the heat-treated condition. 


Even for relatively unimportant applications, cheap steels are a poor 
investment. Considering the ever-present risk of failure of low-grade ma¬ 
terials, and in view of the low torsional strength of this class of steel, a very 
high factor of safety must be applied. Indeed, for general purposes, a factor 
of ten is not too high, this corresijondiiig to a working stress of about 4,5CX) 
pounds for a twenty-ion steel. As a matter of fact, no conscientious engine 
designer should entertain the use of these cheap steels for any purpose 
whatsoever. Steel having a minimum ultimate-strength of 26 tons may be 
worked at a nominal factor of safety of eight with a working stress of about 
7,000 pounds. For ordinary purposes this steel may prove fairly satisfac- 
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tory but its relatively low streni^th still necessitates the use of fairly largi 
holts for any piven load, and in the sinaller sizes great care is required u 
obviate the twisting off of threads hy the careless use of the wrench. A 
very generally used steel for screwed parts in the hetter class of automobik 
work is a plain carbnn-stcci giving the minimum Icnsilc-slrength of 35 toii> 
and having much belter torsional strength than the milder steels. Owing 
to its greater uniformity and the better finish of the screw •threads, this sled 
may be worked at a lower factor of safety. For average work, a value of 
six may be used, corresponding to a stress of about 14,000 pounds, but 
naturally the designer must exercise judgment. 

Alloy Steel Bolts.—Where still greater strength and reliability arc re 
quired and particularly wIhtc the bulls arc likely to he subjected to shock 
loads, two alternatives arc available. 'I'he first i.s to use an alloy steel, such 
as threC'])er cent nickel steel W'hich can lie relied upon to give 45-tons ulti- 
male tensilc-slretigili with a yiehbpuint not below 32 tons. This steel is 
rather expensive and doe.s not machine as well as plain Cfarbon-stecl. ll is mu 
particularly hard on the surface and i.s a little likely to '*pick-up*' where any 
fretting occurs, or when driven into a tight reamed hole. With a good re¬ 
sistance to shock aii<l the minimum Izod^value of 40 feet*pounds. nickd 
steel may be %vorkc<l with a nominal fact<»r of safety of five, at which the 
stress will be :dumt 20.000 ponn<l.s |)cr s(|uare inch. 

Ft»r bolts that are to lie yet more highly stressed, the ternary alloy-stccls 
arc essential. Init thc.se find few' ap^dications in the ordinary automobile. 
In racing curs and aircraft engines, where w eight must l)e cut and cost is 
uniniporlunt. they arc widely iisc<l, hnt uickcl-chromc steel bolts cost two 
or three times as much as those of good mild steel and therefore are out of 
the question in the case uf low-priced automotive ])roducts. Owing to the 
(lifiictilties aticn<]aiil iip<»n the manufacturers of these steels, very careful 
inspection at all stages is essential. an<l heat-treatment must be most care* 
fully carried out after machining, the bolls being finally finished by grinding 
to <liameter. Nickebchrome steel should give an ultimate lensilc-strenglb 
of at least 55 tons, with the minimum yichl-point of 45 tons. By suitable 
tempering the .strength may he increased but at the expense of the impact- 
test value, which must he the minimum of 40 feet-jKiunds on a standard 
test-piece. For a 60-lon steel the Izod figure may he 50 feet-pounds. 

Speaking generally, Ihc adojuion of holts ma<le from these high-tensile 
steels will not permit of any reduction in the size of bosses, lugs and flanges, 
because sufficiciit area must he provided to withstand the local crushing 
loads. Where Ihc IkiIIs pass through aluminum, increasing the sections and 
providing large heads and washers under the nuts may even be necessary. 
Any saving in weight due to the use of the high-tensile steel is thus 
largely illu.sory, and .such bolls can generally be usefully employed only 
in conjunction with parts of slccl, such as connecting rods. 

Heat-Treated Carbon-Steel Bolts.^The second alternative where bolts 
are required to have strengths greater than ordinary mild steel is to use 
a plain carbon-steel of rather higher carbon-content and to heat-treat this 
by a process of hardening and tempering. Using a medium-carbon steel, 
by changing the heat-treatment the ultimate tensile-strength can be varied 
from 40 to as high as 65 tuns, but as a general rule bolts are tempered to 
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hetwcen 40 and SO tons ultimate-stress. With the lower ultimate-strength, 
the elongation is about 26 per cent and the reduction of area 65 per cent. 
At the same time the impact value in the Ir.od test is as high as 80 feet- 
pounds. As a general average, it may be accepted that the uliiinale strength 
of the standard quality of bolts is 45 tons, with an Izod.value of 70 feet- 
pounds. 

From these figures it wiU be evident that the heat-treated carbon-steel 
bolts compare very favorably with those of nickel steel. Further, with the 
same average tensile-strength, the Izocl value is decidedly higher, and thus 
the resistance to shock loads should be belter. It i.s reasonable to work 
with the same factor of safety as bir nickel steel, an<l therefore the working 
stress may be taken at 20,000 pounds Utr the 4.S-tim tempered holts. Plain 
rarhon-sleel in the hcat-lrcuted condition is at least as reliable as the alloy 
Steels. an<l the steel makers find tmich less dilYicully in obtaining uniformity 
in (|tinlity and in test values. It niaclnnes more readily and to a better 
finish than alloy steel of the same strength, while <lics and lords generally 
hold their culling e<lges and diiuensions better wUvu used on carbon .steel. 
Therefore, the ex])ensc.s for tooling arc reduced and there is less dimen¬ 
sional scrap. Heat-treatment is simple, and the risk of failure nr of irre¬ 
trievably ruining the material is levs. The surface of a heat-treated carbon- 
steel bolt is harder than that of a bolt of alliw steel of erpial strength, and 
this is a valualde feature. Where nuts arc to he removed and rcjjlaced very 
frequently, the harder surface of the threatls prevents the rapid wear that 
takes place w ith softer steels. Driven Indts do not so readily become scored 
and are stifTcr to resist hemling. They stand-up belter to shear loads and 
are not so likely to become cut-up when the fit is not exactly tight. Heat- 
treated bolts successfully resist the torsional loads due U> the spanner, and 
the fine fini.sh ohtainahle on the tlweacls rcdiicc.s such loads to the miniminn. 
bolts of heat-treated steel may be tightened u|» closer Ilian those of mild 
steel, even in a size smaller, and therefore arc less likely to work loose. 
Owing to the harder surfaces, the threads do not wear appreciably, and 
after dismantling it will usually be found that the same relative ]>ositious 
of nul and bolt will enable the split pin or other li>cking device to be used 
as before. The nuts and holt heads resist the attacks of wrenche.s very w ell, 
and the good appearance of the job is maintained. 

Hardness Testing Methods.—Hardness, machining properties and 
wearing qualities are three ti>ially different characteristics of a metal, and 
in selecting a method of hardne.ss testing the other firoperties rc(iulred in 
the finished component must lie kept in mind. Among the numerou.s 
methods that have l>ccn adopted for testing hardness, perhaps the most 
usual shop-method consists merely in trying the effect of a small dead- 
smooth flic, and after constant practice the degree of accuracy that can 
be obtained by this method alone is astonishing. It cannot, f>f course, he 
relied upon to give good comparative results with all metals, but it is useful 
for testing the suitability of chisels, punches, shear blades, and kindred 
tools. A similar test consists in trying the effect of the metal on ordinary 
glass. If it is possible to scratch the glass, the metal is in a ‘‘glass-hard 
condition,'* distinctly hard and proliably very brittle. 
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Foremost amon^ the more scientiiic methods of hardness testing. th< 
Brinell method may be mentioned as being the one most universally 
adopted, in spite of its many disadvantages. As a means of determining 
the approximate tensile-strength of steel and thus saving the expense 
machining a test piece, it is excellent. The hardness in this case is calcu¬ 
lated from the area or wi<lth of the idcntation produced by applying an 
extremely hard steel ball with a given load to the polished surface of the 
metal. This is read by a special scale fitted with a microscopic eyepiecr 
so very small indentations may he measured. 

Usually the load is 3,000 kilograms. (6.613.87 pounds) when using a 
ball ten millimeters (0.^9^7 inches) in diameter on steel while loads of 
500 to 1,000 kil(»grams (IJ02.31 to 2.204.6i jHmnds) are used for nun fer¬ 
rous metals and alloys. In the latest machines hardened conical penetra- 
tors and diamond points of pyramid form are employed in ]>lace of the steel 
ball, but the method remains substantially the same. 

The Brinell Test.-^With regard to the limitations of the Brinell test, 
it is first of all obvious that components of light section cannot be ade¬ 
quately tested because the ball may cause distortion right through the 
metal. Extremely hard metals also cannot be satisfactorily tested since 
they are apt to dist<»rt the ball. In this connection the importance of fre¬ 
quently renewing the ball may be ein])hasized. since, should it become 
flattened, it would give very erroneous results. A further objection to the 
Brinell test is that the impression produced on hard steel is so small that it 
is frequently difficult to measure it with sufheient accuracy. To overcome 
this a ball which has previously been etched for alx>ut one minute in a 
two-per cent nitric acid in alcohol solution, may conveniently be substituted 
for the ordinary polished ball. This gives an impression with more clearly 
defined edges, so that the exact measurement is simpHhed. 

Still another drawback to the Brinell test is that metals having a coarsely 
crystalline structure will give very difTereat results accor<iiiig to the posi¬ 
tion of the indentation. Moreover, when the adjacent crystals are of 
varying hardness, accurate measurement is impossible. For similar reasons 
unreliable results will be obtaned from cast iron containing a large per¬ 
centage of free soft graphite. 

Diffictiktes are also likely to arise in testing case-hardened steel by the 
Brinell method, particularly if the depth of the case is not great. The case 
itself may consist of high-carl)on steel having a Brinell hardness of over 
600. while the low-carbon core may have a hardness number between 120 
and ISO. In such circumstances, if the case is at all thin, the deformation 
is likely to extend into the s<ift core, giving rise to entirely erroneous re¬ 
sults. To detect defects in homogeneity of metals by the Brinell method is 
sometimes possible. It will also indicate heat-treatment when varying 
results are obtained from tests taken at a number of different points on a 
heat-treated article. 

The Scleroscope Method.-—The scleroscope test is also extremely easy 
to apply, while the small indentation that it produces will not mar even 
the lighte.st and most delicate component. The scleroscope hardness of 
hard steel is approximately 100. This test is useful for ascertaining the 
hardness of thin sections of metal and can also be employed for case-hard 
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encd steel. In the sderoscope a small diamond pointed hammer is allowed 
to drop by a special tripper release from a nominal height and its rebound, 
after it hits the specimen tested is an indication of the hardness of the piece. 
Another type measures the indentation of a pyramid pointed member di¬ 
rectly on a gauge, the point being pressed into the piece to be tested by a 
definite force or load. Obviously, however, the results obtained arc influ¬ 
enced by different factors from those governing the Brinell test because, 
to quote an exaggerated case, substances such as rubl^er and celluloid give 
readings equal to those obtained with hardened steel. Were it not that the 
hammer produced a minute permanent indentation in the metal, this test 
would give a true indication of the elasticity of the specimen. 


QUESTIONS FOR REVIEW 

1. Describe why aircraft )*hc»ul<l have mininmni vibration. 

2. Outlnie two balancHip devices lor use with four cylinder ciiKiiics. 
y What arc the eoinmon nicthofls of crankshaft construction? 

4. When are counterbalanced crankshafts used in aircraft enpines? 

5. Arc anti-friction hearings practical fur siip]iurlMig crankshafts of aircraft 
engines? 

6. What is normalired steel? 

7. What is the usual melhod of crankcase construction for Vee engines—for static 
r<uliat engines? 

8. Name connnon tvjws of anti-friction bearings. 

What material has the most strength for its weight? 

10. What is Y alloy and where is it used? 

11. Name some engine parts made of nickel steel. 

12. What is the nitriding process? 
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EARLY AND PRE-WAR AVIATION ENGINES 

Aviation Engine Types Early Anzani Engines—Anuni Y Engine—Aiuani Connect* 
ing Rod Construcdox^Canton«Unn4 (Salmeon) Engines—Stroke Equalizing 
MechanUra—Siltnson Valve Tuning—Construction of Early Gnome Motor— 
Cylinder! Machined from Solid Bar—Exhaust Valve Mounting—Pistons Carry 
Inlet Valves—Exhaust Valve Operation—Why Odd Numbers of Cylinders Are 
Used—Gnome Carburetion and Lubrication—Rotary Motor Disadvantages— 
Gnome "Monotoupape" Type—Details of Cylinder Constructior>—Gnome **Mon- 
osoupape** Fuel System—Monoaoupape Ignition—Monosoupape Lubrication- 
German **CnoTne'’ Type Engine—The Le Rhone Rotary Motor—Le Rhone Con* 
necting Rod Arrangement—Le Rhone Valve Actuation—Le Rhone Carburetor— 
Le Rhone Engine Action—Renault Air*Cooled Vee Engine. 

Inasmuch as numerous forms of airplane enpncs have been devised, it 
would require a volutue of considerable size to describe even the most 
importanl developments of recent years. As considerable explanatory mat¬ 
ter has been given in preceding chapters and the principles involved in 
inlernaUconihustion engine operation considered in detail, a review of the 
features of some of the most successful early airplane motors should suffice 
to give the reaiicr a complete eiuuigh understanding of the art so all ty]>es 
of engines can be readily recognized and the advantages and disadvantages 
of each type undersin<»d. as well as defining the constructional features 
enough so the methods of locating and repairing the common engine and 
auxiliary system troubles will be fully grasi>ed. 

Aviation Engine Typea.^Aviation engines can be divided into three 
main classes. One of the earliest attempts to devise distinctive powerplant 
designs for aircraft involved the constructi<in of engines utilizing a radial 
arrangement of the cylinders or a star-wise disposition. Among the engines 
of this class may be mentioned the Anzani, R. E. P, and the Salmson or 
Canton and Unne forms. The two former are air cooled, the latter design 
has been made in both air<rKiled and water*coolcd. Engines of this type 
have been built in cylinder numbers ranging from three to twenty. While 
the simple forms were popular in the early days of aviation engine develop¬ 
ment, they have been succetKied by the more conventional arrangements 
which now form the largest class. 

The reason for the adoption of a star-wise arrangement of cylinders 
has been previously considered. Smoothness of running can only be 
obtained by using a considerable number of cylinders. The fundamentnl 
reason for the adoption of the star-wise disposition is that a better dis 
tributinn of stress is obtained by having all of the pistons acting on the 
same crankpin so that the crank-throw and pin arc continuously under 
maximum stress. Some difficulty has been experienced in lubricating thi 
lower cylinders in some forms of six-cylinder, rotary crank, radial engines 
but these have been largely overcome so they are not as serious in practice- 
as a theoretical consideration would indicate. 

Another class of engines developed to meet aviation requirements is r 
complete departure from the preceding class, though when the engines arc 
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365.»Viewf Outlining Construction of Eartjr Thres-Cylinder Ansani Aviation Motor, th« First Engine to Drive an Airplane Across 

the Encliah Channel, from Prance to England. 
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at rest, it is difficult to dilTerentiate between them. This class include. 
engines having a star«wise di8iH>sition of the cylinders but the cylinder^ 
themselves and the crankcase rotate and the crankshaft remains stationary 
The important rotary engines arc the Gnome, the Le Rhone and th< 
Oerget. The latter differed chiefly in the method of valve actuation, 
separate push hmIk being used f<»r each valve. 



Fia< 366.^The Early Anaani '*W'* Type, Sia*CyUnder Water-Cooled Aviation Engine. 

Ey far the most important classification is that including engines which 
retain the ap|>rovcd design of the types of powerplants that have been 
so widely utilized in automobiles and which have modifications to increase 
reliability and mechanical strength and produce a reduction in weight. 
This class includes the vertical engines such as the l)uesenl)erg and Hall* 
Scott four-cylinder; the Wisconsin, Acromarine, Mercedes, Benz, aiul 
Hall-Scott six-cylinder vertical engines and the numerous eight- and 
twelve<ylinder Vcc designs such as the Curtiss, Renault, Thomas-Morsc, 
Sturtevant, Sunbeam, and others. 

Early Anzatii Engines.*—The attention of the mechanical world was 
first directed to the great possibilities of mechanical flight when Blerioi 
crossed the Engli.sh Channel in July, 1909, in a monoplane of his own 
design and construction, having the power furni.shed by a small three- 
cylinder air-cooled engine rated at about 24 horsepower and having cylin* 
ders 4.13 inches bore and 5.12 inches stroke, stated to develop the power 
at about 1,600 r.p.m. and weighing 145 pounds. The arrangement of thi>^ 
early Anzani engine is shown at Fig. ^6S, and it will be apparent that in 
the main, the lines worked out in motorcycle practice were followed to a 
large extent. The crankcase was of the usual vertically divided patteni. 
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the cylinders and heads being cast in one piece and held to the crankcase by 
stud bolts passing through substantial flanges at the cylinder base. In 
order to utilise but a single crankpin for the three cylinders it was necessary 
to use two forked rods and one rod of the conventional tyt»e. The arrange¬ 
ment shown at Fig. 365» called for the u.se of counter-balanced flywheels 
which were built up m connection with shafts and a crankpin to form what 
corresponds to the usual crankshaft assembly. 

The inlet valves were of the automatic type so that a very simple valve 
mechanism consisting only <»f the exhaust valve push n^ds was provided. 



Fig. 367.^Transverse Scetional Elevation of the Ansani Six-Cylinder Water-Cooled 
Aviation Engine, which is the Ancestor of Modem Engines Using that Method of 

Cylinder Arrangement. 


One of the difhculties of this arrangement of cylinders was that the im- 
ludscs are not evenly spaced. Fur instance, in the forms where the cylinders 
were placed 60 degrees apart the space between the firing of the first 
cylinder and that next in order was 120 degrees crankshaft rotation, after 
which there was an interval of 300 degrees before the last cylinder to fire 
delivered its power stroke. In order to increase the power given by the 
simple three-cylinder air-cooled engine a six<yUnder water-cooled type, 
as shown at Figs. and .W was devised. 'Phis was practically the same 
m action as the three-cylinder except that a double throw crankshaft was 
used and while the explosions were not evenly spaced the number of 
'Explosions obtained resulted in (airly uniform application of power. 
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Anzani Y Engine.-r-The de^gn of three-cylinder Anzani engine, whic; 
was used to .some extent for schtKil machines, is shown at Fig- 368. li 
this, the three cylinders are symmetrically arranged about the crankca>< 
or 120 degrees apart. The balance is greatly improved by this arrangi 
ment and the power strokes occur at equal intervals of 240 degrees <•: 
crankshaft rotation. This methtxl ot construction is known as the Y design 
By grouping two of these engines together, as outlined at Fig. 368, whicii 
gives an internal view, and at }*'ig. .W>, which shfuvs the sectional view, ami 





Fig. 368.^The Three-Cylinder Air-Cooled Aneani Aviation Engine was the Pioneer 
*'y'* Form Powerplant, and One of the First Static Radial Motors. 

using the ordinary form of double throw crankshaft with crankpins sepa¬ 
rated by 180 degrees, a six-cylinder radial engine is produced which runs 
very quietly and furnishes a steady output of power. 'I'he peculiarity <>i 
the construction of this engine is in the method of grouping the connectin^r 
rod about the common crankpin without using forked rods or the “mother 
rod** system employed in the Gnome engines. 

Anzani Connecting Rod Con8truction.~In the Anzani the method 
lowed is to provide each connecting nxl big end with a shoe which consist“ 
of a portion of a hollow cylinder held against the crankpin by split clampiu;! 
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’•ings. The dimensions of these shoes arc so proportioned that the two 
ailjaccnt connecting rods of a group of three will not come into contact 
^ ven when the connecting rods are at the minimum relative angle. The 
ihree shoes of each group rest upon a bronze sleeve which is in halves and 
which surrounds the cranhpin and rotates relatively to it once in each 
crankshaft revolution. The collars, which are of tough bronze, resist the 
inertia forces while the direct pressure of the explosions is transmitted 
directly to the crankpln bushing hy the shoc.s at the big end of the con¬ 
necting rod. The same tiietht»<l of c<»nslnictk>ii. tiiiKlified to some extent, 
used in the LcRUunc rotary cybmler engine. 
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Fig. 3S9.~The Early Ansani Fixed Crxnkcaxe Motor of the Six*CyUnder Radial Form 
was One of the First of this Type to Utilize Air Cooling Successfully. 


Both cylinders and pistons of the Anzani engines are td c.nst iron, the 
cylinders being provided with a liberal number of cooling flanges which 
‘^re cast integrally. A scries <jf auxiliary c.xhaust |>ort.s is drilled near the 
i'ase of each cylinder in some motlels so that a jHirtion of the exhaust gases 
will flow out of the cylinder when the piston reaches the end of its power 
S'troke. This reduces the tcm)>erature uf the gases passing around the 
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exhaust valves and prevents warping of these members. Another distim 
tive feature of this early engine design is the method of attaching the 
Zenith carlmretor to an annular chamber surrounding the rear portion tit 
the crankcase from which the intake pipes leading to the intake valve'< 



Fig. 370.—Sectional View Showing InteraiJ Parte in Pioneer Form of Six-Cylinder 
Anaacii Engine, which wai lo Succeulul that it Has Been Changed Only in Detail in 

More Recent Designs. 

radiate. The magneto is the usual six'srylinder form having the armature 
geared to revolve at one and one-half times crankshaft speed. 

The Anzani aviation engines are also made in ten* and twenty-cylinder 
forms as shown at Fig. 371. It will l>e apparent that in the ten-cylindi' 
form explosions will occur every 72 degrees of crankshaft rotation, whi)'* 
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in the twenty-cylinder, 200 horsqwwcr engine at any instant five of tb* 
cylinders are always working ami explosions arc occurring every 36 d; 
grees of crankshaft rotation. On the twenty-cylinder engine, two carhu 
retors* are used and two niagncOis, which are driven at two and one-h;il 
times crank shaft speed. The general cylinder and valve construction i> 
practically the same as in the siui]dcr engines. 



Fig. 372.—A Five-Cylinder Fan Shaped Air-Cooled Motor Wae Designed by Robert 
Eanault Peltene, and Applied to a Very Efficient Monoplane of Hia Own Detign m 

the Earliest Days of Aviation. 

Salmson^Canton and Unne Engines.—This engine, which has been 
<levi5cd specially for aviation service, is generally known as the ''Salmson 
and was manufactured in 1»oth France and Great Hritain. It is a nine 
cylinder water-cooled radial engine, the nine^cylinders being symmetrically 
dis|>osed arouml the crankshaft while the nine connecting rods all operah* 
on a common crankpin In somewhat the same manner as the rods in tiu 


CANTON-UNNE (SALMSON) ENGINE 811 

Gnome motor. The crankshaft of the Salmson engine is not a fixed one 
nnd inasmuch as the cylinders do not rotate about the crankshaft it is 
necessary for that member to revolve as in the ccmveutional engine. The 
stout hollow steel crankshaft is in two pieces and has a single throw. The 
crankshaft is built up somewhat the same as that of the Gnome engine. 
Pall bearings are used throughout this engine as will be evident by inspect¬ 
ing the sectional view given at Fig. 374. The nine steel cimnccting rods 
jre machined all over and are Titled at each end uith bnin/.e bushings, the 
distance between the W.'iring centers Uing uImhU limes crunk length. 



Fig. 373._The Canton and Unne (Salmson) Nine-Cylinder Water-Coerfed Radial 

Engine, which Gave Very Good Service DuHt^ the War. 

Stroke Equalizing Mechanism.—The method of c<jniu*ctlng up the 
rods to the crankpin is one of the characteristir features of this design. 
No “mother** rod as sitpidied in the Gnome engine is used in this type inas¬ 
much as the steel cage or connecting ro<1 carrier is fitted with symmetri¬ 
cally disposed big end retaining pins. Ina.smiich as the c.arricr is mounted 
on ball bearings some means must Ik provided of regulating the motion 








t**fy 


-i v" 

; *f ^ |lh3 $ou 

S 7 CiAlTli • 

*• C^fn A i srmbfy Ori^c Ct%*r 
'Cam tfr/ve dear 


rfi 


Crnifk^4ff Bt'.irmijs 


Fig. 374.~SectionAl View Showing Conetruction of the Canton and Unn^ Water* 

Cooled Static Radial Cylinder Engine. 


formed integrally with the connecting rod carrier. The action of the gear¬ 
ing is such that the cage carr>*ing the big end retaining pins does not 
rotate independently of the crankshaft, though, of course, the crankshaft 
or rather crankpin bearings must turn inside of the big end carrier cage. 

Cylinders of this engine are of nickel steel machined all over and carry 
water jackets of spun copper which are attached to the cylinders by brazing 
The water jackets are corrugated to permit the cylinder to expand frecl) 
The ignition is similar to that of the fixed crank rotating cylinder engine 
An ordinary magneto of the two spark type driven at times crankshaft. 
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jipced is sufficient to ignite the seven-cylinder form, while in the nine-cylin¬ 
der engines the ignition magneto is of the “shield** type giving four sparks 
per revolution. 'The magneto is driven at \% times crankshaft speed. 
Nickel steel valves are used and are carried in castings or cages which screw 
into bosses in the cylin<ler head. 

Salcnson Valve Timing.—Each valve is cam operated through a tappet. 
[lUsh rod and rocker arm. seven cams being used on a .seven-cylinder engine 
and nine cams on the nine-cylinder. One cam scrvc.s to <‘pen Ixjth valves 
as in its rotation it lifts the tappets in succession and so operates the cx- 
Imust and inlet valves respectively. This method of oiwratitm involves the 
same period of intake and exhaust. Jn normal engine practice the inlet 
valve opens twelve degrees late and cK»ses twenty ilcgrces late. The ex¬ 
haust ojjcns 45 degrees early and closes six degrees late, 'riiis means aUmt 
188 degrees in the case r>f inlet valves and 231 degrees crankshaft travel 
for exhaust valves. In the Salmson engine, the exhaiisf closes and the inlet 
opens at the outer dead center an<l the exhaust o(>eas and the inlet closes 
.'ll alnml the inner deiul center, 'nds engine is also ina<lc iii a fonrleen- 
cylindcr 200 brake horsepower de.sigii which is CimijH^sed t*f tvvt* groii]>8 
uf seven-cylinder.s, and it has l>een made in an eighteen-cylinder ilesign of 
fiOO horsepower. The nine-cylinder 130 horsejxjwer has a cylimler bore 
(jf 473 inches and a stroke of S.53 inches. Its normal speed of rotation is 
1,250 r.p.ni. The weight was pounds per brake horsepower. 

Construction of Early Gnome Motor.—It cannot be dcniril that for a 
time one of the most widely used of airplane motors was the seven¬ 
ty limler revolving atr-i'(Hded finoinc, made in France. For a total weight 
uf 167 pouml.s this mot<»r dcvchfpcd 45 ti> 47 h<irse|Miwcr at 1,C)00 rcv<»lu- 
tions. being equal to 3.35 pounds per horse]xiwer. and had proved its re¬ 
liability by securing many early long-distance and endurance records. The 
same engineers produced a nine-cylinder and by combining two single 
engines a fourteen-cylinder revolving Gnome, having a muninal rating of 
IbO horsepower, with which world‘s speed records were broken at the time 
uf its introduction. A still more powerful engine has lK*en made with 
eighteen-cylinders. The nine-cylinder “mcmciwjupape** delivers 100 horse- 
|Kiwer at 1.200 r.p.m,. the engine of double that ntiml>er of cylinders is 
rated at about 180 horsepower. 

Except in the nuiuher of cylinders and a few mechanical details the 
hiurtcen-cylinder motor is idmlical with the seven-cylinder one; fully 
llirec-quarters of the parts used by the assemblers would do just as well for 
one motor as for the other. Owing to the greater power demands of the 
airplane the smaller sizes of Gnome cnginc.s were not u.scd much in service 
airplanes except for schiKil machines. 'Fhere is very little in this motor that 
is common to the standard tyiic of vertical motorcar engine. The cylinders 
are mounted radially round a circular crankcase; the crankshaft is hxed, 
and the entire mass of cylinders and crankcase revolves around 
it as outlined at Fig. 375. The explosive mixture and the lubricating 
oil are admitted through the fixed hollow crankshaft, passed into the 
explosion chamber through an auioinatic intake valve in the piston head in 
the early pattern, and the siient gases exhausted through h mechanically 
operated valve In the cylinder head. The course of the gases is practically 
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Fi*. 37S.-Lengitudinal S.ctional View Outlining Construction of Early Type Gnome Motor, Having Induction Valve in the Piston Top 
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a radial one. A peculiarity of the construction of the motor is that nickel 
steel is used throughout, Alujuinmn is employed for the two oil pump 
housings; the single cmnprcssion ring known as the '‘olxlurator’' for each 
piston is made of brass; there are three or four brass bushes: gun metal 
is employed for certain pins—the rest is machined out of chrome nickel 
steel. 

The crankcase is practically a sU-cl hoop, the <leiith depending on 
vhcllier it has to receive seven- foiirteen-cylinders; it has seven or 
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Pig. 376._S«ctionaJ View of Early Typ« Gnome Cylinder and Piston. Showing Con*> 

itruction, Application, and Method of Operation of Inlet and Exhaust Valves. 

•'•urtcen holes bored as illustrated on its circumference. When fourteen or 
vighiecn cylinders are used the holes arc Ixircd in two distinct planes, and 
‘JiTset in relation one to the <» 1 her. 

Cylinders Machined from Solid Bar.—The cylinders of the small en* 
glue which have a l>«rc of 4 5i» inches and a stroke of 4^1© inches, are 
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machined out of the solid bar of steel until the thickness of the walls is only 
1.5 millimeters—.05905 inch, or practically inch. Each uiic has twenty- 
two fins which gradually taper down as the region of greatest pressure ia 
<leparted from. In addition to carrying away heat, the fins assist in 
strengthening the walls of the cylinder. The barrel of the cylinder is 
slipped into the hole bored for it on the circumference of the crankcase and 
secured by a locking metn1>er in the nature of a stout compression ring, 
sprung onto a groove on the base of the cylinder within the crank chamber, 
On each lateral face of the crank chamber are seven holes, drilled right 
through the chaml>er parallel with the crankshaft. l‘-ach one of these holes 
receives a stout locking-pin of such a diameter that it presses against the 
split rings of two adjacent cylinders; in addition each cylinder is fitted 
with a key-way. This construction is not always followed, some of the 
early Gnonte engines using the same system of cylinder retention as used 
im the latest pattern. 

Exhaust Valve Mounting.—'I'he CNhaust valve is mounted in the cylin^ 
der head, Fig. 376, its scaling bring screwed In hy means of a special box 
spanner. On the fourteen-cylinder niiKk*! the valve is oj)eratcd directly 
ity an overhead rocker arm with a gun nictnl rocker at its extremity coming 
in contact with the extremity of the valve stem. As in standard motor-car 
practice, the valve is opened under the lift of the vertical push rod. actuated 
)»y the cam. The distinctive feature is the use of a four-blade leaf spring 
with a forked end encircling the valve stems and pressing against a collar 
<»n its extremity. On the seven-cylinder impdcl the movenienl is reversed, 
the valve being opened on the downward pull of the push rod, this lifting 
the outer extremity of the main rocker arm, which tips a secondary and 
smaller rocker arm in clirect contact with the extremity uf the valve stem, 
'['he springs are the same in each case. The two types arc compared at 
A and B, Fig. 377. 

Pistons Carry Inlet Valves,—The pistons, like the cylinders, arc ma¬ 
chined out of the solid bar of nickel steel, and have a fK^rtion of their wall 
nit away. that the two adjacent ones will not come together at the 
extremity of their stroke. The head of the piston is slightly reduced in 
diameter and is provided with a groove into which is fitted a very light 
L-section brass split ring; liack of this ring and carried within the groove 
ts sprung a light Steel compression ring, serving to keep the lirass ring in 
expansion. As already mcntioiied. the intake valves are automatic, and 
are mounted in the head of the pislon as outlined at Fig. 377 C. The 
valve seating is in halves, the lower |K*rlion being made to receive the 
wristpin and connecting rod, and the upper jwrtion, carrying the valve, 
being screwed into it. The spring is composcil of fuur flat blades, with 
the hollowed stem of the automatic valve i>as.<iug through their center and 
their two extremities attached to small levcr.s calculated to give balance 
against centrifugal force. The springs are naturally within the piston, and 
are lubricated by splash from the crank chamber. They are of a delicate 
construction, for It is necessary that they shall be accurately ))alanccd so as 
to have no tendency to fly o|>en under the action of centrifugal force. The 
intake valve is withdrawn by the use of special ttmls through the cylinder 
head, the exhaust valve being first dismounted. 
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Connecting Rod Arrangcnients.—The fourtet*ii-cy)»ndcr motor shouu 
at Fig. 378, has a two-throw crankshaft with the throws placed at 180 <lt • 
grees, each one receiving seven connecting rods. The parts arc the satMi 
as for the seven-cylinder motor, the larger one consisting of two groit] 
placed side by side. For each group of seven-cylinders there is one mai:) 
connecting rod, together with six auxiliary rods. The main connectin' 
rod, which, like the others, is of H section, has machined with it two I 
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section rings bored with six holes—51 degrtts apart to take the six other 
connecting rods. The cage of the main connecting rod carries two ball 
races, one on either side, fitting onto the crankpin and receiving the thrust 
uf the seven connecting rods. The auxiliary connecting rods arc secured in 
jHisition in each case hy a hollow steel pin passing through the two rings. 
It is evident that there is a slightly greater angularity for the six shorter 
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rods, known as atixiliary connecting rods, than for the longer main rodv 
this does not appear to have any influence on the running of the motor. 

Exhaust Valve Operation.—Coming to the manner in which the earlics 
design exhaust valves are operated on the old style motor, this at firs 
sight appears to l>c one of the most complicated parts of the motor, ptoU 
ably because it is one in which .standard practice is most widely departed 
from. Within the cylindrical casing bolted to the rear face of the crankcase 
are seven, thin flat^faced steel rings forming female cams. Across a diani 
eter of each ring is a pair of projecting rods fitting in brass guides and hav 
ing their extremities terminating in a knuckle eye receiving the adjustable 
push rods operating the overhead rocker arni.s of the exhaust valve. Tho 
guides are not all in the same plane, the difference being equal to the thick 
ness of the steel rings, the total thickness being practically two inches 
Within the female cams is a group of seven male cams of the same total 



Fig. 3Se.—Diagram Showing Why an Odd Number of Cylinder! i! Beat for Rotary 

or Static Radial Cylinder Motor! with Single Cnnkpin. 


thickness as the former and rotating within them. As the boss of the male 
cam comes into contact with the flattened portion of the ring forming the 
female cam, the arm is pushed outward and the exhaust valve opened 
through the medium of the push rod and overhead rocker. This construc¬ 
tion was afterwards changed to seven male cams and simple valve operat¬ 
ing plunger and roller cam followers as shown at t'ig. 379. 

On the face of the crankcase of the fourteen-cylinder motor opposite 
to the valve mechanism is a boltcd-on end plate, carrying a pinion for 
driving the two magnetos and the two oil ptimjis. and having bolted to ii 
the distributor for the high-tension current. Each group of seven-cylin¬ 
ders has its own magneto and lubricating pump. The two magnetos and 
the two pumps are mounted on the fixed platform carrying the stationary 
crankshaft, being driven by the pinion on the revolving crank chamber. 
The magnetos arc geared up in the proportion of four to seven. Mounteil 
on the end plate of the driving pinion are the two high-tension distnbut<»r 
plates, each one with seven brass segments let into it and connection mdd(' 
to the plugs by means of plain brass wire. The wire passes through a hole 
in the plug and is then wrapped round itself, giving a loose connection. 
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Why Odd Numbers of Cylinders ar^Used.—A ^ood many people doubt¬ 
less wonder why rotary and static radial engines are usually provided with 
an odd number of cylinders in preference to an even number. It is a matter 
(\i even torque, as can easily be understood from the accompanying dia¬ 
gram. Fig. 380 A represents a six-cylinder, single crank rotary engine, the 
radial lines indicating the cylinders. It is possible to fire the charges in 
two ways, firstly, in rotation. 1, 2, 3, 4. S, 6, thus having six impulses in 
<iTic revolution and none in the next; or alternately. 1, 3, 5. 2, 4, 6, in 
which case the engine will have turned through an equal number of degrees 
lietween impulses 1 and 3. and 3 and 5. but a greater number between 5 
and 2, even again bclwcen 2 and 4, 4 and 6, and a less number between 


. JhroHfe ic^4f 



Pig. 3at.—DiAgTam Showing Construction of the Simple Carburetor Used on Barly 
Gnome Bnginei, Which wee Attached to the Fixed Crankehalt End. Fuel Supply 

Was by Engine Driven Pump. 


0 and 1, as will be clearly seen on reference «o the diagram. Turning to 
I'ig. 380 B, which represents a sevcn-cylindcr engine. If the cylinders 
•ire alternately it is obvious that the engine turns through an equal number 
of degrees between each impulse, thus, I. 3, 5, 7. 2, 4, 6, 1, 3, etc. Thus 
opposing the engine to be revolving, the explosion takes place as each 
iltemate cylinder passes, for instance, the jwint 1 on the diagram, and the 
'fution is actually operated in this way by a single contact. Six radial 
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cylinders may be used but a two throw crankshaft is necessary, eac! 
crankpin serving three cylinders. 

Gnome Carburetion and Lubrication.-—The crankshaft of the Gnomt 
as already explained, is fixed and hollow. For the seven- and nine-cyhnd< 
motors it has a single throw, and for the fourteen- and eighteen*cy]in<]r 
models has two throws at 180 degrees. Tt is of the iniilt-up type, this bein.. 
necessary on account of the distinctive iiioiinting of the connecting nnU 
The carburetor shown at Fig. 3R1 is mounted at one end of the stationarx 
crankshaft, and the mixture is drawn in through a valve in the piston aV 
already explained. There is neither float chamber nvr jet. In many of tl^i* 



Fig. S62.—Sectional Views Showing Internal Conatmetion of the Gnome Oil Pump. 

tests made at the factory it is said the motor will run with the extremity 
of the gasoline pipe pushed into the hollow crankshaft, speed being regii* 
lated entirely by increasing or decreasing the flow through the shut-otf 
valve in the base of the tank. Even under these conditions the moM 
has been throttled down to run at 350 revolutions without misfiring. 
normal speed is 1,000 to 1,200 revolutions a minute. Castor oil is usc<l 
for lubricating the engine, the oil being injected into the hollow crankshait 
through slight*feed fittings by a mechanically operated pump which 
clearly shown in sectional diagrams at Fig. 382. 

The Gnome is a considerable consumer of lubricant, the makers’ estimat * 
being seven pints an hour for the 100 horsepower motor; but in practice th(> 
is largely exceeded. The gasoline consumption is given as 300 to 350 gratr^ 
per horsepower, The total weight of the fourteen^cylindcr motor 
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220 pounds without fuel or luhricatin^ oil. Its full power is developed at 
1,200 revolutions, and at this speed about nine horsepower is lost in over- 
com'ing air resistance to cylinder rotathm. 

Rotary Motor Diaadvantagea.—While the Gnome engine has many 
advantages, on the other hand, the head resistance offered by a motor of 
this type is considerable; there is a large waste of lubricating oil due to the 
centrifugal force which tends to throw the oil away from the cylinders; 
the gyroscopic effect of the rotary motor is detrimental to the best work¬ 
ing of the airplane, and mi»rcover, it rerjuires about seven per cent of the 
total power developed liy the motor to drive the revolving cylinders around 
ilic shaft. Of ncccsslly. the compression of this type of motor is rather 



Fia. 383.^SiRipUfied Diagram Showing the Gnome Motor Magneto Ignition System. 

low, and an additional di.«indvantage manifests itself in the fact that there 
JS as yet no sati.sfactury way of muffling the rotary type of motor. 

Gnome *'Monosoupape** Type.^Tbe latest type of Gnome engine is 
known as the ^"monosoupape** lyp^ because but one valve is used in the 
cylinder head, the inlet valve in the piston being dispensed with on account 
’•f the trouble caused by that member on earlier engines. The construction 
'^f this latest type follows the lines established in the earlier designs to some 
extent and it differs only in the method of charging. The very rich mixture 
gas and air is forced into the crankcase through the jet inside the crank- 
>'haft, and enters the cylinder when the piston is at its lowest position, 
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through the half*rouiid openings in the guiding flange and the small holes oc 
ports machined in the cylinder and clearly shown at Fig. 385. The returnin, 
piston covers the port, and the gas is compressed and fired in the usuot 
way. The exhaust is through a large single valve in the cylinder hea^i 
which gives rise to the name "monosoupape/^ or single-valve motor, anrl 
this valve also remains open a portion of the intake stroke to admit air into 
the cylinder and dilute the rich gas forced in from the crankcase interior. 

Aviators who have used the early form of Gnome say that the inh*( 



Pig. 3S4.»Th« War-Time General Vehicle Gnome ‘^Monosoupape" Nine-Cylinder 
Hotary Engine, Mounted on Torque Stand for Testing Purposes* 

valve in the piston type was prone to catch on fire if any valve defect mati- 
riali*ed, hut the “mnnosoupape*' pattern is aaid to be nearly free of this 
danger. The bore of the 100 horsepower nine<ylinder engine is HO 
millimeters, the piston stroke 150 millimeters* Extremely careful machii)^ 
work and fitting is necessary. In many parts, tolerances of less than .00^ 
of an inch are all that are allowed. This is about one-sixth the thicknc^^ 
of the average human hair, and in other parts the siae must be absolutely 
standard, no appreciable variation being allowable. The manufacture 
this engine established new mechanical standards of engine production id 
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LonfitttdiiuJ Sectionja View Showing Coastruedon of the General Vehicle Company ^'Monoeoupepe'* Bngioe. a War-Time 

Type that U Now Obsolete. 
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this country. Much machine work was needed in producing the finish's' 
components from the l>ar and forging. 

Details of Cylinder Construction.—'The cylinders, for example, a: 
machined from six inch solkl steel liars, which are sawed into blanks clevi 
inches in length and weighing about 97 pounds. The first operation is i » 
drill a 2Vie inch hole through the center of the block. A heavyKluty dril‘. 
ing machine performs this work, then the block goes to the lathe bn 
further operations. Fig. 386 shows six stages of the pmgress of a cylinder, 
a few of the intermediate steps being omitted. These give, however, a goinj 



Fi^. 3S6.—How a Gnome Engine Cj'Under wat Produced from a Solid Cylindrical 

Block of Chrome^Niekel Steel Weighing 97 Pounds, by Machining to the Finished 
Cylinder Weighing but Five and One^Half Pounds. This Method of Construction 

is Very Costly. 


r>i d 


idea of the work done. The turning of the gills, or cooling flanges, 
difficult proposition, owing to the depth of the cut and the thin m* 
that forms the gills. This operation requires the utmost care of tool^ 
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,he use of a good lubricant to prevent the metal from tearing as the tools 
jijjproach their fuU depth. These gills arc only 0.6 of a millimeter, or 0.0237 
,,t an inch, thick at the u»p. tapering to a thickness of 1.4 millimeters 
i0.05S3 of an inch) at the base, and are sixteen millimeters (0.632 of an inch) 
.Uep. When the machine work is completed the cylinder weighs but 5J4 
nounds. 

Gnome **Honosoupape" Fuel System.—Gasoline is fed to the engine by 
iiifans of air pressure at five i>ound8 |>er stjuare inch, which is produced 
)»y the air pump oa the engine clearly shown at Fig. 385. A pressure 
i;Atige cuuvcnictit to the operator indicates this pressure, and a valve enables 
ihc i»pcralor to control it. No earlnirctor is used, The gasoline flows from 
\]\t lank through a shnt-ti/T vaUe near the operator an<l through a tube 
Uading througli the hollow crankshaft to a spray imy.xle h»calcd in the 



Hig. 387_The Gnome Engine Alloy Steel Cam Gearcase was a Fine Example of 

Accurate but Expensive Machine Work, at it was Produced from a Heavy Forging. 
Corresponding Parta of Modern Engines Would be Made of DuraJumisuin. 

' rankcase. There is no throttle valve, and as each cylinder always receives 
'hr same amonnt of air as long as ihc atmospheric pressure is the same, 
output cannot be varied by reducing the fuel supply, except within 
J^Jirrow limits. A fuel capacity of 65 gallons is provided. The fuel con- 
>fiinption is at the rate of twelve U. S. gallons i>cr hour. 

'*Hono 80 upape*’ Ignition.—The high-tension magnetos, with double 
I'.iHi or two break per revolution interrupter, is located on the thrust plate 
h' an inverted position, and is driven at such a speed as to produce nine 
• •arks for every two revolutions; that is, at 2j4 times engine speed. A 
• litdorf magneto is fitted. There is no distributor on the magneto. The 
^ I'h-tension collector brush of the magneto is connected to a distributor 
’ ’sh holder carried in the bearer plate of the engine. The brush in this 
’'‘h bolder is pressed against a distributor ring of insnlaling material 
^ Hdded in position in the web of a gear wheel keyed to the thrust plate, 
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which gear serves also for starting the engine by hand. Moulded in thi- 
ring of insulating material are nine brass conUct sectors, connecting will- 
contact screws at the back side of the gear, from which bare wires conneri 
to the sparkplugs. The distributor revolves at engine speed, instead of ai 



Fig. 388.«View of the Gnome **Monosoupape** Engine with Camcete Cover Removed 
to Show Camf and Valve Operating Plunger with Roller Cam Follower. 


half engine speed as on ordinary engines, and the distributtjr brush is 
brought into electrical connection with each s]>arl<plug every time the pisK'ii 
in the cylinder in which this sparkplug is located approaches the 
dead center. However, on the exhaust stroke no sparle is being generated 
in the magneto, hence none is produced at the sparkplug. 

Ordinarily the engine is started by turning on the propeller, but for 
emergency purposes as in seaplanes or for a quick **gct away” if Undine 
inadvertently in enemy territory, a hand starling crank was provided. This 
is supported in bearings secured to the pressed steel carriers of the engine 
and is provided with a universal joint between the two supports so as to 
prevent binding of the crank in the bearings due to possible distortion 
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the supports. The ^ar on this startinj? crank and the one on the thrust 
plate with which it meshes are cut with helical teeth of such hand that the 
Ntarting pinion is thrown out of mesh as soon as the engine picks up its 
•ycle. A coiled spring surrounds part of the shaft of the starting crank 

nnd holds it out of gear when not in use. ^ t e oc 

“Mofiosoupape” Lubrication^Lubricating oil is earned m a tank of 25 

gallon capacity, and if this tank has to he placed in a low j^sition it » 
. onnected with the air-pressure line, so that the suction of the oil putnp 
is not depended upon to get the oil to the pump. From the bottom of he 
oil unk » pipe leads to the pump inleu There arc two outlets from the 
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pump, each entering the hollow craukshatt, and there is a branch from eaci 
outlet jnpc to a cimilaticm itidicator convenient to (he operator. One <> 
the oil leads feeds to the hoiisinj;s in the ihnist t>1ate containing: the tW{ 
rear hall hearings, and the other lead feeds through the crankpin to thi 
cams, as already exjdatned. 

Owing to (he cfTccl of centrifugal force amt the fact that the oil is nen 
used over again, the oil c<»iisumption of a revolving cylinder engine 
c<inKiderahly higher than that c»f a stationary cylinder engine. I'ucI con 
siiniiilii»n is also smiicwhat higher, and for this reason the rev^dving cyliii 
der engine is noi so well suited for lypes of airplanes designed for lon;^ 





Fig. 390.—View Showing Construction of the Nine-Cylinder Revolving LeRhone Typ« 

Avittion Engine. 

trips, as the increased weight of su])p1ies re<|uircd for such trips, as com- 
pHrc<l with stationary cylinder type motors, more than offsets the high 
weight efficiency of the engine itself. But for short trips, and especially 
where high speed is required, as in sing1e*seated scout and battle planes 
or “avion h <le cliussc/’ as the French say, the revolving cylinder engine had 
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,he advantage©. The oil consumption of the Gnome engine is as high as 2.4 
i^'^allons per hour. Castor oi! is used for luhrication heeuuse it is not cut 
:»y the gasoline mist present in the engine interior as an oil oi mineral 
.jerivatiun would he. 

German "Gnome** T)rpe Engine.—A German adaptation of the Gnome 
lesign is shown at Rig. .W. 'I'his is known as the Ihiyerischcn Motoren 
(iesellshaft engine and the type shtiwn is an early design rated at 50 
horsepower. 'I'he Uirc is 110 miHimelers, the .siriike is 120 iniUimclera, 
;uul it is designe<l to run at a speed oi 1,200 r.ji.m. Jt is somewhat similar 
111 design to the early Gnome "valve-in-pfslon** dc.srgn cxce|»t th.it two 
\alvcs are carried in the pistim top instead oi one. 'I hc valve operating 
arrangement is dilTcrctJt also» as a single h>nr point ram is lived to <jpcrate 
Oic seven exhaust valves. It jh ilriven liy epicyelir gearing, the c«im being 
i I riven hy an internal gear inarhitieil integrally with it. the earn being turned 
at times the engine S)jeeil. Another feature is the melluKl of holding 
the cylinders on the craiikea.ve. 'I'he eyiliider Is provided with a (lange that 
registers with a corresjwnHlIng member of the same dianu'ler on the crank¬ 
case. A V section, split clninjiing ring is bolted in idacc as slnovn. this 
liolding both flanges firmly t‘igei!ier and keeping il»c cylinrler firmly seated 
against the crankcase flange, 'i’hv *‘monoM)iijiape’* t\i‘e has also been 
cojiied and has received some aiiphcatum in (iennany. Init the most sitr- 
cessful early German airplanes were powerc<l with six-cylhnlcr vcrlic.il 
engines such as the Ueiix ami Mercedes. 

The Le Rhone Rotary Motor.—'I’he Le Rlunio motor is a radial revolv- 
ing cylinder engine th.il has many ot the t>rinciides wliicli were incorporated 
in the Gnome hut which were conshlered to be .in hujirovemcnt by tnany 
inreign aviators. In.sie.id of ha\ing Imt one valve in ibe c^dinder hca<1. 
as tile latest type "nionosonpape" (iiionie has. the I.e Klione lias two valves, 
one for intake and mic for exhaust in each ryhmter. My an ingenious 
rocker arm and tappet ro<l arrangement it is possilde to operate lK>th valves 
with a single ]msh rod. Inlet pi|K*s ci»mninnicatc with the crankcase at 
one entl and <lircct the fresh ga.s to the inlet v.ilve cage at the other. An- 
• dher peculiarity in the design is the method of holding the cylinders in 
)duce. Ill St cad of having a vertically divi<lcd craiikrase as the Gnome en¬ 
gine has and clamping hoth halves of the case aronud the cylinders, the 
crankcase of the Le Rlioue engine is ui the form of a cylinder having nine 
hc^sses jjrovicksl with threa<led ojwnings inln which I lie cylinders arc 
srrewetl. A Ihreatl is pr<»vidcd at the kise of each C 3 Under ainl when the 
cylinder has been screwed down the pro|>cr amount it is prevented from 
mnher rulation aliout its own axis by a siibslaiilial hK*k nut whicli screws 
<K>\vn against the llircailcd Imss cm the crankcase*. The external .ii»i>earance 
of the Le Rhone tyi>e nndor is cle.irly shown at Fig. .V*0. while the general 
(caturcs of construciiou arc clearly c ml lined in the sectumal views given at 
Figs. 391 and 392. 

Le Rhone Connecting Rod Arrangement.—The tw'O main peculiarities 
of this motor are the method oi \alvc actual ion hy two large earns and the 
distinctive crankshaft and foimecling vh\ hig cml cousiruction. The con¬ 
necting rods arc provided with “feet” or shoc.s on the curl which fit into 
grooves lined with bearing metal which are machined into crank discs 
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Fiff. )91^Part SectionaJ VUwi of the LeRhone Rotar 7 Cylinder Engine, Showing Method of Cylinder Retention, Valve Operation, and 

Novel Crankdisc and Connnecting Rod Big End Aasembly, 
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revolving’ on ball bearings and which are held together so that the con¬ 
necting rod big ends are sandwiched between them by clamping screws. 
This construction is a modification of that used on the Anzani six^ylinder 
radial engine. There are three grooves machined in each crank disc and 
three connecting rod big ends run in each pair of grooves. The details 
of this construction can be readily ascertained by reference to explanatory 
diagrams at Figs. 393 and 304 A. Three of the rods which work in the 
groove nearest the crankpin are provided with short shoes as shown at 
Fig. 394 B. The short shoes arc used on the rcjds employed in cylinders 
number 1, 4, and 7. The set of connecting rods that work in the central 
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Pig. 3a2.«Side Sectioiul View of the LeRbone Fixed Crankshaft, Aviation Engine. 


grooves arc provided w'ith medium-length shoes and actuate the pistons m 
cylinders numbers 3. 6. and 9. The three rods that work in the outside 
grooves have still longer shoes and are employed in cylinders numbers 2, 
S, and 8. 

Le Rhone Valve Actuation.—The peculiar profile of the inlet and ex¬ 
haust cam plates are shown at C, P'ig. 394, while the construction of the 
wristpin, wristpin bushing and piston are clearly outlined at the sectional 
view at E. The method of valve actuation is clearly outlined at Fig. 395, 
which shows an end section through the cam case and also a partial side 
elevation showing one of the valve operating levers which is fulcrumed at 
a central point and which has a roller at one end bearing on one cam while 
the roller or cam follower at the other end bears on the other cam. The 
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valve rocker arm actuating rod is, of course, Of>crated by this simple levei 
and is attached to it in such a way that it can he pulled down to dcp^cs^ 
the inlet valve nixl pushed up to open the exhaust valve. 

Le Rhone Carburetor.—A carlmrelnr of peculiar construction is em 
ployed in the Le Rhone engine, this 1>cing a very simple type as outline^) 
at I"ig, 3%. h is attached to the threaded cud of the hollow crankshaft hy 
a right and left cnujding. The fuel is pumped Xu the spray nozrde, the 
opening in which is Ci»ntrolle<l hy n fuel rcgnlaling needle having a long 



Fig. 393.«View Showing the LeRhone Valve Action and Connecting Rod Big End 

Arrangement. 


taper which is lifted out of the jet opening when the air-regulating slide i.< 
moved. The amount of fuel supplied the carburetor is controlled by a 
special needle valve filling which combines a filter screen and which is 
shown at B. In regulating the speed of the Lc Rhone engine, there arc two 
possible means of controlling the mixture, one by altering the j>osition of 
the air-regulating slide, which also works the metering needle in the jet, 
and the other by controlling the amount of fuel supplied to the spray nozzle 
through the special fitting provided for that purpose. 

Le Rhone Engine Action.—In considering the action of this engine one 
can refer to Fig. 397. The crank O, M. is fixed, while the cylinders can 
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mrn about the crankshaft center O anti the pisttm turns around the crank- 
pin M, because of the eccentricity nf the centers of rotation the pistons will 
reciprocate in the cylinders. This distance is at its inasinuiin when the 
cylinder is above O and at a minimum when it is above M, and the difTcr- 
oiice between these two posilinns is ei[ual Ut the stroke, which is twice the 



Fig. 394^DUgraTns Showing Construction of Important Components of the LeRhone 
Motor. Note Variation in Length of the Curved Bearingt of Connecting Rod Big End, 
as Shown at E, and Peculiar Profile of Inlet and Exhaust Cams as Shown at C and D, 
Diagram at A Shows Connecting Rod Assembly and Crankrings. Sectional View at 

E Outlines Wristpin Retention and Piston Design. 

distance of the crank-throw O, M. The explosion pressure resolves itself 
into the force F exerted z\ox\^ the line of the cumiecting rod A. M. and also 
mto a force N, which tends tci mnkc the cylinders rotate nniiuid |x>iut O 
ill the direction of the arrow. An ckM iniml»er of cylinders acting' on one 
crankpin is desirable to secure equally spaced explosions, as (lie liasic action 
is the same as the Gnome engine. 

The magneto is driven by a gear having 36 teeth altachcd tt» crankcase 
which meshes with sixtccu-tooth pinion on armature. The magneto turns 
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at 2.25 times crankcase speed. Two earns* one for inlet, one for exhaust 
are mounted on a carrying member and act on nine rocker arms which are 
capable of giving a push-and-pull motion to the valvc^actuating rocker- 
operating rods. A gear driven by the crankcase meshes with a larger mem¬ 
ber having internal teeth carried hy the cam carrier. Each cam has five 
profiles and is mounted in staggered relation to the other. These giw 
the nine fulcriimed levers the proper motion to open the inlet and exhaust 
valves at the proper time. The cams arc driven at or of the motor 
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speed. The cylinder diiiiennionR and timing fnlU>wR; the weight can be 
approximated by figitring three jMumds per horsepower. 
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Timing—Intake valve opening, lag.18* 

Intake valve closing, lag. 

ExhauM valve oi>ci»ing. Icaii.55* > 110 H. P. 

Exhaust valve closing, lag. 5* 

Ignition time advance.26* 


•80 H. P 



Fig. 398.—DUgram Showing Poiition* of Piitons in LeRhone RoUry CyUndef Motor 

when Piston in Cylinder No. 1 U at Top Dead Center. 


The Clerget Engine.—Several airn-iiolccl rnUry lyj>es having seven, 
nine and eleven cylinders were built liy Clerget, Blin and Cic of Pans 
and received considerable application during the Wt>rld War on French 
and British pursuit planes and on training planes. As will be seen from 
the sectional drawing presented at Pig. 3W A this engine had some of the 
characteristics of the Gnome and LcUhone engines. The cylinder construc¬ 
tion was similar to Ihc T-eRlione engine except that separate actuating 
means were provided for each valve. The master nxl assembly was similar 
to that used in the Gnome engine. The cylinders were machined from 
solid billets of steel with integral cooling hns. Those arc held in place 
through the gripping action of the vertically divided crankcase clamping 
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a circumferential flange in an annuliisi made to receive it. The nose piece 
of the motor carries the propeller hub and the crankshaft is a separable 
type. At the anti-propeller end of the fixed crankshaft, which is of large 
diameter and hollow or tulmlar section, the fuel spray nozzle of the ‘*bloc" 
tube carburetor is placed. Fuel is injected in by pump jircssurc, just as 
in the Gnome and LcKhone moior.s. Ball bearings arc used liberally in 
the connecting rod assembly and U*t supporting the rotating crankcase 
from the fixed crankshaft. The pistons arc fitted with three rings of the 
conventional type and two olKliirator rings, the latter being carried in the 


Tc 



E 


Fig. 3d9.~DUgranis Showing Valve Timing of LeRhone Aviation Engine. 


same groove, one inside the other. The cam ring is ri»tated by an eccentric 
with teeth, a feature of design exclusively Clcrget. The castor oil used 
for lubrication is circtiiated by plunger pumps. High-tension magnetos 
supply current to a fixed distributor brush which bears against segments on 
a back plate, each segnieftl being Cinirntted to one of the sparkplugs in 
line with it. Bare copper wires coikI acted the current to the sparkplugs. 
The nine-cylinder Type 9Z had cylinders with a total <lisplacement of 
992 cubic inches. The bore was 4.72 mehes, the 8trc»ke 6.3 inches. The 
engine developed 121 horscjHiwcr at 1,200 r.p.in. and 123 at 1,300 r.p.m. 
The compression ratio was 4.36 to I. As in all rotary engines the fuel 
consumption was about ^ pound per h<*rsci>owcr-h<»ur and the oil con- 
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sumption .15 pound per horsepower-hour. The dry weight was reported 
to be 367 |>ound5 or 3.03 ]>ounds per normal horsepower. 

The Renault Air-Cooled Vce Engine.—Air-cooled stationary cylinder 
engines were rarely used in airplanes, but the Renault Freres of France 
for several years manufactured a complete series of such engines of the 
general design shown at Fig. 400. ranging from a low-powered one de¬ 
veloped nineteen years ago and rated at 40 and 50 horae]H>wer. to later 
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eight-cylinder models rated at 70 horsepower and a twelve-cylinder, or 
twin six, rated at 90 horsepower. The cylinders are of cast iron and are* 
furnished with numerous cooling ribs which arc cast integrally. The 
cylinder heads are separate castings and are attached to the cylinder as in 
early motorcycle engine practice, and serve to hold the cylinder in place 
on the aluminum alloy crankcase by a cruciform yoke and four long hold¬ 
down bolts (Fig. 401). The pistons arc of cast steel and utilize piston rings 
of cast iron. The valves are situated on the inner side of the cylinder head, 
the arrangment being unconventional in that the exhaust valves are placed 
above the inlet. The inlet valves scat in an extension of the combustion 



Pif. 400>^Discram Showing How Cylinder Cooling is Effected In the Renault Sight- 

Cylinder "Vee** Engine. 
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head and are actuated by direct push roil and cam in the usual mannei 
•while an overhead ijcar in which rockers arc operated by push rods is 
needed to actuate the exhaust valves. The valve action is clearly shown in 
Figs. 226 an<l 227. The air stream by which the cylinders arc ccx)led is 
produced by a centrifugal or l)l«wer tyi>c fan of relatively Urge diameter 
which is inotiiUcd on the end of a crankshaft and the air blast is delivered 
from this blower into an cnclc»scd sjtaci; l>etwrcn the cylinder from which 
it escapes only after passing over the ctsding f\us. In spite of the fact 
that considerable prcjiulice existed against alr-cooHiig fixed cylinder cu- 
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gines, the Renault had given very good service in both England and 
France. 

As will l>e seen by the sectional view at Fig. 402. the steel crankshaft 
is carried in a combination of plain bearings inside the crankcase and by 
ball bearings at the ends. Owing to air cuHiIing. s|H.*cia1 precautions arc 
taken with the lubrication system, though the lubrication is not forced or 
under high pressure. An oil ]uunp of the gcar^wliccl type delivers oil from 
the sump at the bottom of the crankcase to a cham1>cr above* from which 
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the oil flows by gravity along suitable channels to the various main bear* 
ings. It flows from the ]>eariiigs into hollow rings fastened to the crank* 
webs, and the oil thrown from the whirling connecting rod big ends bathes 
the internal parts in an nil mist. 

In the eight-cylinder designs ignition is effected by a magneto giving 
four sparks per revolution and is accordingly driven at engine speed. In 
the twelve-cylinder machine two magnetos of the ordinary revolving arma¬ 
ture or two-spark type, each supplying six cylinders, are fitted as outlinc<l 
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404^[repUfied DUffrun Outlining Ignition Sytttm of Reiuult Twelve'CyHiukr Aif-CooM Avintion Bngine. 
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at Fig. 403. The carburetor is a float feed form. Warm air is supplied foi 
winter and damp weather by air pipes surrounding^ the exhaust pipes. Tlv 
normal speed of the Renault enipne is 1,800 r.p.ni., but as the propeller 
mounted u]K)n an extension of the camshaft the normal propeller speed i* 
hut half that of the engine, which makes it jHissiblc to use a propeller <ti 
large diameter and high efTiciency. Owing to the limitations of air cooling 
on early engines low compression was used, this being about 60 pounds 
per square inch, which, of course, Uuvers the mean effective pressure and 
makes the engine less cfflcieul than \vatcr*cncdecl forms where it is iwssihU 
to ii.se compression pressure of 100 nr more pounds per square inch. Tlir 
70 horsepower engine has cylinders with a bore of 3.78 inches and a stroke 
of 5.52 inches. Its wciglit is given a.s 3% iHuinds. when in running order, 
which figures 5.7 jhhuuIs ik-t horse|M»\ver. 'I'hc same cylinder size is used 
on the twelve-cylinder 100 h<»rse|Mj\ver and the stroke is the .same. This 
engine in running order weighh t>oiinds. which figures ajiproxiinatcly 
6.4 pounds per brake 1iorset>ower. a figure that is more than cut in half by 
modern air-cooled engines of even moderate jHiwcr. 


yUKSTUtNS FOR RKVIKW 

J. Name some praciical c.wly avialic n ni{;iiir iyi>c«. 

2. Who was the iiionccr builder tti s atic radial ciiKincs? 

3. What was die comieeliuK rml mn inirimn of early Aurani eiiRines? 

4. What uiu<|Uc fcaiure was found i early SuIiumui ciiKinc^ 

.S. What types of niuune nu*tor we .* made? 

6. Descrihe Monosoiipauc Gimnie a I state reasons why tins cotisiructiun is n<nv 
obsolete. 

7. Why do si atic radial and rotary siiijtle crank motors have an odd ntiinhcr of 

cylimlers’ 

8. Describe T.e Rlume rotary motor ami esplain how It differe<! from Oruune type. 

9. What was tlie coimerlnig rod cotistrnciion <if die Le Kiioiic imdorr 

10. Wliat were the pnnci|>al features of the Clcrgrt enginer 



CHAPTER XXV 

TYPICAL WARTIME AVIATION ENGINES 

S^plex Model A Hispano-Suiu^Eftrly Curtise OX StHee Motor—Aeromtrme Six 
Cylinder Vertic4l Motor—The Liberty Motor—WUcoiuin Aviation Engines 
HtU*Scott Aviation Engine^^Hall-Scott Connecting Rods and Pistons—Hall- 
Scott Oiling—Hall-Scott Cooling System—Crankshaft and Camshaft—Meresdea 
Motors—Early Benx Motors—Austro-Daimler Engine—Sunbeam Aviation 
Engines. 

A brief review of snme nf the wartime aviatum cnjjincs is given in this 
chapter because snnic nf these iKmerplants are still available and in use, 
notably the Curtiss 0X5, ihc IJispaiio-Stiiza and the IJherty. It is not 
[lossihic to clev<»ic the necessary space to a consideration of all war time 
engines as details of imwleni fi»rius in chapters to follow shtmld Ik: of 
greater value. The types ilhtslratc^tl wdl he oi interest as comparisons may 
he ma<le with engines of more recent devolpnient. Inst met ions f<jr repair 
and care of 0X5 and Liberty engines will he given in proper sequence. 

Simplex Model Hispano*Suiza.^Tlie Model A is of the water- 
cfK-»led bmr-cyclc Vee type, wtlli eight eyliuders, 4.7245 inch lK»re l>y 5.1182 
inch stroke, piston displacement 718cnbic inches. At sea level it develops 
150 h(jrse]>ower at 1.450 rjj.m. It can l»e run successfully at tnncli higher 
si>eeds, dcj’eiiding on propeller <lcsign ami gearing, dcvclojniig pntjK>rtion- 
alcly incrca.sed jmwer, Thu weight, including carburetor, two magnetos, 
]»ro]>ellcT bub. starting mugnelo and crank. 1ml without radiator, water or 
oil or exhaust pi|»us, is 445 ))oiuuis. Average fuel consumption is <5 of a 
pound per hovse|)o\ver hour and Ihe oil cousnniptiim at 1.450 r.p.ni. is three 
(|aarts per hour. The external ai^K^arance is shown at Ffg. 405. 

Four cylin<lcrs arc c<intained in each block, which is id l)uill-up construc¬ 
tion; the water jackets and valve pc^rt'^ are cast alninimim and the indi¬ 
vidual cylinders heat-lrealed steel forgings threaded into the 1m»tcj1 holes 
of the aluniinmn castings. ICacb block after assenddy is given a number 
of protective coats of enamel, both insule and out, baked on. Coats on the 
inside are applied under pressure. The pistons arc aluminum castings, 
ribbed. Connecting mds arc tubular, of the forked tyi>e. One rod l)cars 
<lirectly on the crankpin; the other rod has a bearing on the outside of the 
one first mentioned. The crank.shaft i.s of the five-bearing type, very short, 
stiff in design, l>ored for tightness and for the oiling sy.stcin. The crank¬ 
shaft extension is tapered for the French standard prcipcller hub, which is 
keyed and IcKked lo the shaft. This makes ixjssible instant change of 
propellers. The case is in two lialve.s divided on the center line of the 
crankshaft, the bearings being fiitrtl between the upper and lower sections. 
The lower half is deep, providing a large oi\ rescrvinr and stiffening the 
engine. The upper half is simple and prtwides magneto 5upj)orts on exten¬ 
sion ledges of the two main faces. I'he valves are of large diameter with 
hollow stems, working in cast iron bushings. They are directly operated 
by a single hollow camshaft located over the valves. The camshafts are 
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driven from the crankshaft by vertical shafts and bevel gears. The cam 
shafts^ cams and heads of the valve stems are all enclosed in oil-tight re 
movable housings of cast aluminum. 

Oiling is by a positive pressure system. The oil is taken through a filter 
and steel tubes cast in the case to main bearings, through crankshaft i<. 
crankpins. The fourth main bearing is also provided with an oil lead fronj 
the system and through iul>c5 running up the end of each cylinder block, 
oil is provided for the camshafts, cams and bearings. The surplus oil 
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Fif. 40S.-*SuDplcx Model A HUpano-Soiza Aviation Bnsine was a Successful War- 

Tune Form. 

escapes through the end of the camshaft where the driving gears are 
mounted, and with (lie oil that has gathered in the toj) casing, descends 
through the drive shaft and gears to the sump. Ignition is by two eight- 
cylinder magnetos firing two sparkplugs per cylinder. The magnetos are 
driven from each of the two vertical shafts by small bevel pinions mesh¬ 
ing in bevel gears. The carburetor is mounted between the two cylinder 
blocks and feeds the two Mocks through aluminum manifolds which arc 
partly water-jackelcd. The engine can be equipped with a geared hand 
crank-starting device. 

The Early Curtiss Aviation Motors.—The Curtiss OX motor has eight 
cylinders, four inch lK>re, five inch stroke, delivers 90 horsepower at 1,400 
turns, and the weight turns out at 4.17 pounds per horsepower. This motor 
has cast iron cylinders with monel metal jackets, overhead inclined valves 
operated by means of two rocker arms, push-and-pull rods from the central 
camshaft located in the crankcase. The cam and push rod design is ex¬ 
tremely ingenious and the whole valve construction turns out very light. 
This motor is an evolution from the early Curtiss type motor which was 
used by Glenn Curtiss when he won the Gordon Bennett Cup at Rheims 
A slightly larger edition of this type motor is the OXX5, as shown at 
Figs. 406 and 407, which has cylinders 4% inches by five inches, delivers 
100 horsepower at 1,400 turns and has the same fuel and oil consumption 
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as the OX type motor, namely, .60 pound of fuel per brake horsepower hour 
and .03 pound of lubricatini' oil per brake horsepower hour. 

The Curtiss Company also developed a largcr>sized motor known as the 
V2, which was originally rated at 160 horse|)owcr and which has since 
lieen refined and Imjiroved s<) that the motor gives 220 lu>rse|K»wer at 1,400 
turns, with a fuel consumption of of a ]Kiuiul per brake horsepower 

hour and an oil consumption of .02 of a pound i>cr brake horsejxiwcr hour. 
This larger motor has a weight of 3.4.S pounds per hurscinmcr and is 
said to have given very satisfactory service. The V2 motor has drawn steel 
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Piff. 406.»Curtias 0X5 Water«CooIed Aviation Engine Was an Bight-Cylinder Type 
Largely Uaed in War-Time Training Machines and StiU Used in Various Forms of 

Moderate Weight Commercial Airplanes. 


cylinders, with a Iwre of five inches and a stroke of seven inches, with a 
steel water jacket top and a monel metal cylindrical jacket, l>oth of which 
are brazed on to the cylinder barrel itself. Both these motors use side by 
side connecting rods and fully forced lubrication. The camshafts act as a 
gallery from which the oil is dislrilmted to the camshaft bearings, the main 
crankshaft bearings, and the gearing. Here again we find extremely short 
rods, which, as before mentioned, enables the height and the consequent 
weight of construction to be very much reduced. For ordinary flying at 
Altitudes of 5,000 to 6.000 feet the motors arc sent out with an aluminum 
liner, bolted between the cylinder and the crankcase in order to give a 
compression ratio which does not result in preignition at a low altitude. 



850 


MODERN AVIATION ENGINES 


For high flying, however, these aluminum liners were taken out and the 
compression volume is decreased to alx>ut 18.6 per cent of the total volume . 

The Curtiss Airplane Com|)any also built a twelve<yHnder five incl 
by seven inch motor, which war^ designed for aeronautical uses primarilv 
This engine was rated at 250 hnr5ci>ower, but it was said to develop 30(^ 
at 1,400 r.p.m. Weights—Motor. 1,125 p<mnds; radiator, 120 pounds, 
cooling water, 100 pounds; propeller, 95 pounds. Gasoline consumptiem 



Fig, 407.—Top and Bottom Views of Curtiss 0X5 100 Horsepower Aviation 

Engines. 


per horsepower hour, % q pounds. Oil cemsumption per hour at maximum 
speed—two pints. Installation dimensions—Overall length, 84^ inches: 
overall width, inches; overall depth. 40 inches; width at bed, 30J^ 
inches; height from bed, 21 }4 inches; depth from bed, 18^ inches. 

Aeromarine Six-Cylinder Vertical Motor.—These motors are four-strok( 
cycle, six^rylinder vertical typo, with cylinder 4^1 ^ inch Ixire by 5j4 
stroke. The general ap)>earancc of this tmdor i.s shown in illustration 
Fig. 408. This engine is rated at 85-90 horsejKiwcr. All reciprocatitiK 
and revolving parts of this motor arc made of the highest grades of steei 
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• ihtamaljlc as arc the studs, nuts and l>olts. The upper and lower parts of 
crankcase arc tnadc «f coniposituui alununum castiui;;. I.ower crankcase 
is made of high grade aluminum composition casting and is bolted directly 
K) the upper half. The oil reservoir in this hover half casting provides 
sufficient oil ca]>acity for five hours’ continuous running at full power. 
Increased capacity cm be provulcd if needed to meet greater eiiclurancc 
(c*<;ulrenien 1 s. Oil is ff»rce<l un«b*r pressure Ut all bearings by means of 
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Pig. 40 %.—The Early Six-Cylinder Aeromarine Aviation Engine waa a Succeiiful 
War-Time Type Received Considerable Application in Small Flying Boats. 

Iugb-])rcssurc duple.x^geared pumps. One shle of this jiump delivers oil 
under pressure lo all ibe lK*ariiigH, wliilc the other si<lc draws the oil from 
llie sjdash case and delivers it to the main sump. The t*t\ reservoir is 
entirely sejiarate from the crankcase cliauiber. I'nder no circumstances 
will oil flood the cylinder, and the oiling system is not affected in any way 
by any angle of tiiglii tir pl»^^lH>n of motor. An oil pressure gauge is placed 
on instrument board of maebine. which gives at all limes the pressure in oil 
system, and a sight glass at lower half <»f case indicates the amount of oil 
contained. The oil pump is external on magneto end <if inolor, and is very 
accessible. An external oil strainer is pT<wided, which is removable in a 
few minutes’ time witlumt the Joss of any oil. All oil from reservoir to the 
motor passes through this strainer. Pressure gauge feed is also attached 
and can be piped to any part of machine desired. 

The cylinders are made of high-grade castings and are machined and 
ground accurately to size. Cylinders are Iwdted t** crankcase with chrome 
nickel steel studs and nuts which securely l<Kk cyliiultT to upper half of 
crankcase. The main retaining cylinder stnd.s go through crankcase and 
support crankshaft bearings mi that crankshaft and cylirders are tied to¬ 
gether as one unit. Water jackets are of copi>cr, Vie i^^ch thick, 
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electrically deposited. This makes a noncorrosive metal. Ccx>Ung } 
furnished by a centrifugal pump, which delivers 25 gallons per minute 
1,400 r.p.tn. Pistons are made of cast iron, accurately machin^ and grounr 
to exact dimensions, which are carefully balanced. Piston rings are semi- 
steel rings of Aeromarine special design. 

Connecting rods are of chrome nickel steel. H-section. Crankshaft is 
made of chrome nickel steel. machine<l all over, and cut from solid billet, 
and is accurately balanced through the medium of balance weights beln^ 
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Ptf. 409.«Vicwt Showing Conitroction of the Liberty Aviation Sngifte. Note Methoc^ 

of Ofl Pump and Camshaft Drive. 
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forged integral with crank. It is drilled for lightness and plugged for force 
feed lubrication. There are seven main t>carings to crank.shaft. All bear¬ 
ings are of high-grade babbitt, die cast, and are interchangeable and easily 
replaced. The main bearings of the crankshaft are provided with a single 
^Toove to take oil under pressure from pressure tube which is cast integral 
with case. Connecting nul bearings are of the same type. The gudgeon 
pin is hardened, ground and secured in connecting rod, and is allowed to 
work in piston. Cain.shaft is of steel, with cams forged integral, drilled for 
lightness and forced-feed hibricatii*n, and is ense-hardened. The bearings 
uf camshaft arc of Immze. Magneto, two high-tcusUm llosch D.U. 6, I'he 
ifitake niauifnld for carburcti»rs arc niuiniimm castings ami are so designed 
ilmt each carburetor fee<ls three cylinders, there)ly insuring easy flow of 
vaiK>r at all spccils. Wright, 420 jxiunds. 



Fig. 410.—-Rear «nd Front Views of the Liberty Aviation Engine. An American 
uevelopment that Wat Produced in Large Quantities in 1918 but Which is Now 

Obsolescent. 


The Liberty Motor.—This very practical jwwerplanl was designed for 
^he equipment division of the Signal Corps, United Slates Army, by a com¬ 
mission of leading engineers working under the direction of Major J. G. 
Vincent, Chief Engineer of the Packard Motor Car Company and Major 
F.. J. Hall, of the IIall-Scott Motor Car Company shortly after our entry 
mto the World War. The object was to design a standard engine that 
• ould be put into quantity produclicm and built by the same methods that 
were applied to the production of automobiles in motor car plants. Many 
thousands of these motors were bnilt to interchangeable standards. There 
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has probably been no that was criticized as iiuich or ns unjustl) 

as this one. It proved to \>c a very practical and rciiable type in service 
when compared to contemporary designs td hireign mamifactnre. Designer* 
of more recently develtipcd tyjies take great pleasure in pulling this design 
to pieces and showing its weak jKiints when compared to the newer engine^ 
without taking into consideration that i( it was not fi»r the exi>eriem 
gained with this and other early engines that the nuK?crn highly rehue<^ 
powerplants would not have been jiossible. Such comparisons are not fau 
and when viewed in the light t>f the knowledge that obtained when thi 
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was first dcsig^iicd ; il will always remain an outstamliiic; achievement 
of American engineering and ]>r^Mlnctivc skill. The LilnTly engine con¬ 
struction can he undcrshMnl by referring U» illiislraliims Figs. 40*) and 410 
\vhich .show external views and seclkmal tlrawings Figs. 411 and 412 inclu¬ 
sive which sliow medianieal ilelails. The cylinders arc 45 degrees apart, 
riie cylinder bore is five indies, the stroke is seven inches. The cubic 
iii.sjdaceineiit is 1,650 cubic indies. The lu»rscjMJwer is 400 al 1,700 r.p.m. 
riic compression ratio is 5.40 to 1 and a mean efTective pressure of 115 
pounds per s(|narc iiidi is obtained. Tlic engine weighs 806 poumls, as 
sbipj^cd, wliidi gives a dry weight of slightly nuire tluin two pcniuds per 
horsepower. 



4l2^TrantvcrM Section of Liberty Engine Showing Method of Valve Actuation 

and Internal Arrangement of Paru. 
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The water pump water passages and cylinder jackets from face of pum; 
inlet to the face of the water outlet hold 5.5 gallons or 46 pounds of water 
The fuel-consumption is .54 pounds per horsepower hour or 36 gallons pei 
hour with wide open throttle at 1,700 r.p.m. The oil consumption is .0^ 
pounds per horsepower hour or 1.5 gallons per hour with wide open throttle 
Sufficient radiator capacity should be provided to hold the water tempera 
turc at not to exceed 200 degrees Fahrenheit and the water teraperaturt 
should not be allowed to become lower than 160 degrees Fahrenheit or 
carburetion troubles will result. Ignition is by special Delco battery sys* 
tern. Two Dual Zenith carburetors furnish the mixture. 

The valves are acttuilcd by overhead camshafts driven hy bevel gearing 
and vertical shafts. The ignition distributors are nuninted at the rear en<1s 
of the camshafts. The cylinders are steel with applied and welded sbcil 
steel jackets. The crankcase is aluminum alloy, made in two pieces and is 
divided on the vertical center line of the crankshaft. The crankshaft is n 
six-throw seven main bearing type. The connecting ro<ls arc of the scissors 
type, two rods acting on one crankpin. 

Pistons are of aluminum alloy, having three wide grooves above the 
wristpin, each groove )>elng fitted with one ring. Each piston is provided 
with seven circumferential oil distributing groove.n and the piston i.s relieved 
around the wristpin bosses. Two forms of pistons arc available, a flat top 
for low compres.sion or training and Navy engines and a domed top for 
high compression types. The oiling system is a pre.ssurc feed dry sum]) 
type, and has been fully described in chapter on lubrication, the internal 
parts of the cylinder being lubricated by the oil spray thrown off centrif* 
ugally by the revolving crankshaft. 

Air-Cooled Liberty Engine.—The air-cooled Liberty engine shown at 
Fig. 464 A is a *‘Vce'* ly|>c air-ctKjlc<l engine obtained by substituting air¬ 
cooled cylinders for the original jacketed cylinders, it differs from the 
water-coole<l form only in the cylinder, piston, induction system, and valve 
gear assemblies. The crankcase, crankshaft, connecting rods and main 
accessory drive train, arc the same as similar parts of the water-coolerl 
engine. The bore was reduced to 4^ inches in the air-rnolcd cylinders 
thus providing cooling space between them and reducing tlie jiiston dis¬ 
placement to 1,411 cubic inches. The crankcase is of casi-aluminuin in 
two sections parted at the crankshaft centerline, the upper half carrying 
the cylinders and the main bearing upper halves; the lower half supporting 
the main bearing lower halves just as in the water-cooled engine. The 
crankshaft is a steel forging drilled and plugged to provide oil passage^^ 
The propeller hub is mounted on a taper and located by a key in the usual 
manner. The main accessory drive gear is bolted to a flange at the rear 
end of the shaft. The forged steel connecting rods arc of '‘H” section, 
the secondary rod mounted on the center of the main rod hearing 
working directly upon the bronze shell of the bearing. The pistons ar< 
die cast aluminum alloy with three rings above the piston pin and one U' 
the skirt. The cylinders have steel barrels with integral fins screwed a*’i 
shrunk in a cast aluminum-alloy head. A steel ring is shrunk on th 
aluminum head below the lowest fin to clamp the head to the barrel. Tlx* 
combu9tion<hamber top is hemispherical with bronze valve seats shrutil* 
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in. The valves are tulip shaped; the exhaust valve is cooled internally by 
a partial filHnif of sodium and potassium nitrate according to the practice 
fully described in another chapter. One intake and one exhaust valve are 
used in each cylinder. They are operated by rocker arms from a single 
camshaft on each bank. The valve mechanism is fully enclosed and runs 
til a bath of oil. Ihe fuel mixture for the engine is supjdied by a single 
Stromberg NA-S8J carbnret<»r through a gear driven low altitude super¬ 
charger at the rear of the engine. Ignition is by the standard Liberty- 
l^clco system. 

The air-cooled Liberty engine has been built in upright and inverted 
types and with both geared an<l direct drive. With a compression ratio 
of 5.4:1 it develops 4.% horsepower at 1.000 r.p.m. The brake mean effective 
pressure at that output is 128 pounds per square inch. The weight.of the 
ungeared engine is 1.010 ixniiuls. (2J2 ))ounds per horsepower), nearly 
JOO pounds lighter than the standar<l Liberty engine with radiator and 
cooling water. 


Wisconsin Aviation Engines.—The slx-cylindcr Wiscon.'^in aviation en¬ 
gines. one of which is .slnnvn at Fig. 41.1, were of the vertical type, with 
cylinders in pairs and valves in the head. The cylinders were made of 
aluminum alloy castings. l>ored aqd machined and then fitted with hardened 
5leel sleeves about Viq of an inch thickness. After these sleeves had been 
shrunk into the cylinders, they were finished by grinding in place. Gray 
iron valve seats arc cast into the cylinders. The valve seals and cylinders, 
as well as the valve ptirts, are entirely .surrounded by water jackets. The 
valves set in the heads at an angle of 25 degrees from the vertical, are 
made of tungsten steel and arc provided with double springs, the outer or 
main spring and the inner or au.xiliary spring, which is used as a jirecau- 
tionary measure to prevent a valve falling into the cylinder in remote case 
of a main spring breaking. The camshaft is made of one solid forging, 
case-hardened, it is carried in an ahiininum housing Ixdtcd to the top 
of the cylinders. This lumsing is split horizontally, the upper half carrying 
ilie chrome vanadium steel rocker levers. The lower half has an oil return 


irough cast integral, into which llie excess oil overflows and then drains 
iack to the crankcase. Small in.spcclion plates arc fitletl over the cams and 
inner ends of the cam rocker levers. The c.imshaft runs in bronze l>carings 
and the drive is through vertical shaft and bevel gears. 

The crankcase was made of aluminum, the upper half carrying the bear¬ 
ings for the crankshaft. 'ITic knver half carries the oil sump in which all 
"f the oil except that circulating through the sy.stem at the time is carried. 
The crankshaft is made of chrome vanadium steel of an clastic limit of 
115,000 pounds. The crankpins and ends of the shaft are drilled for light¬ 
ness and the cheeks are also drilled fur oil circulation. The crankshaft 
’’nns in bronze-backed, Fahrlg mctal-Iined bearings, four in number. A 
^Muble thrust bearing is also provided, so that the motor may be used 
■^hcr in a tractor or pusher type of machine. Outside of the thrust bear¬ 
ing an annular ball licaring is used to take the radial load of the propeller, 
"he propeller is mounted on a tai>er. At the opi>ositc end of the shaft a 
eve! gear is fitted which drives the camshaft, through a vertical shaft, and 
Iso drives the water and oil pumps and magnetos. All gears are made of 
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chrome vanacHum steel» heat-treated. 

The ccmnectin^j rods arc tubular and machine<l from chrome vanadiun; 
steel forgings. Oil tubes are fitted to the rods which carry the oil up p 
the wristpiiis and pistons. The nwls coinjiletc with bushings weigh 5) 
poun<ls each. The pistons arc made of alum inn ni alloy and arc very ligbi 



Fif. 413.«The Wiicontin Aviation Engine, a Wtr-Time Porm of Excellent Deeig'' 
te Viewed from the Carburetor Side at the Top and from the Exhauet Side at tl’ i 

Bottom of the lUuetradon. 
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tnd strong, weighing only i\v<i {>omKls two ounces each. Two leak-proof 
rings are fitted to cacli ]>islofi. The wnslpins arc hollow, of hardened steel, 
jikI arc free to turn either in the pision or the hhI. A hronze boshing is 
ntted in the upper end ol the r(»d, hut no Imshing is fitted In the pistons, the 
[lardcned steel wristpins making an excel lent hearing in tlie ahiniintim alloy. 

The water circulniion is by centrifugal pump, which is mcmiUed at the 
lower end of the vertical shaft. The water is pumped ihnnigh brass pipes 
in the lower end of the cylinder water jackets and leaves the iiijpcr cm) (»f 
the jackets just aisjvc the eshaiist valves. The luhricnliog system is one 
nf the main features of the engines, being designed to work with the motor 
nt any angle. 'I'he i»i1 is earned in the Mimt>. from where it is taken by the 
oil circulating pntnp Ihrougli a strainer and forced through a header, 
cxleiidiug the full length of the crankcase, ainl distributed to the main 
hearings, Fnmi the main bearings it is foree<l through the hfdlow crauk- 
.shafl to the cotmccling r««l hig ends and then through tubes <m the rt)ds 
to wristpins and |ds(ons. Another lea<l takes oil front the main header to 
the camshaft hearings. 'Ihe oil forced out of the cimIs i»f the camshaft 
hearings fills |H»ckels under the earns and in the earn rocker levers. The 
excess flows hack through pipes and through the train of gears to the 
irankcnse. A strainer is fitted at each en<l *d the crankcase, through which 
I he oil is drawn hy separate punips and returned l<» the sump. Either one 
of these puiu|>s is large enough to take care of all of the return oil, so that the 
iijicralton is perfect wdicther the moti>r is inclined up or diuvii. No splash 
Is use<l in the crankcase, the system bring a full force feed. An oil level 
indicator is provided, shtuving the nnumiu of oil in the sump at all times. 
Tlie oil jwessurc iii these motors is carried at ten ponnd.s, a relief valve 
being fitted to hold the pressure ronstant. 

Ignition is by two llo.sch n>aguel<»s, each on a separate set of plugs fired 
siniiihancimsly on opjioMie shies of the cylinders. Should one magneto 
fail, the other wouhl still run the engine at <»iity a slight loss in jaiwcr. The 
Xenith <1 on hie carbnreU»r is used, three ry linders Uitig sii]»]ilicd by each 
oarlHireb^r. 'Ehis insures a higher vohinietrie efficiency, which means more 
|•o\vc^. as there is no o\ cr-lapping of inlet valves whatever by this arrangc- 
inenl. All i>arts td these luotnis are very «arcc8sd»lc. 'Vhv. water and oil 
I'Uiups, carburetors, magnetos, i>il strainer <»r other parts can he removed 
without disturbing <alKT j»arls. I'he lower crankcase can he removed fi>r 
•Dspeetion or ndjn.stment of bearings, as the crankshaft and bearing caps 
arc carried by the upjier half. 'I'he motor snpiMjrling lugs are also pari of 
the upper crankcase. 

The six-cylinder motor, without carburetors or magnetos, weighs 547 
pounds. With carlniretor and magnetos, the weight is 6(X) pounds. The 
weight of coiding w.Tter in the inoii»r is ikmuiOs. T he sump will carry 
four gallons of oil, or abuit 2S pouinls. A radiator ran lie furnished 
iiitable for the motor, weighing 50 |Hmnds. This radiator will hold three 
:allons of water or about 25 jK»iinds. Tlu* motor will drive a two-blade, 
ight feet diameter by 6.25 feet pitch Paragon propeller 1,400 revolutions 
.^er minute, developing 14K horseiKUver. I'he weight of this pn.pellcr is 
i2 pounds. This makes a total weight of uu>ior, complete with propeller, 
•^dialor filled with water, hut without lubricating oil, 755 pounds, or about 
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Pif. 414.«Pow«r, Torque end Efficiency Curvet of Etrly Wiecontin Aviation Motor, 
Preunted to CompariMi can be Made with Performance of Modem Porraa. 


S.l pounds per horsepower for complete powerplant. The fuel consump' 
tion is .5 pound per horsepower per hour. The lubricating oil consuni)!- 
tion is .0175 pound per hcjrsepowcr per hour, or a total of 2.6 pounds per 
hour at 1,400 revolutions per minute. This would make the weight of fu<-j 
and oil, per hour's run at full power at 1,400 revolutions per minute, 76 
pounds. 

Following arc the principal dimensions of the six<yHnder motor: 

Bore S inches. 

Stroke 6j/5 inches. 

Crankshaft diameter throughout 2 inches. 
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Length of crankpin and main hearings 3l4 inches. 

Diameter of valves 3 inches (2^\ inches clear). 

Lift of valves J/J inch. 

Volume of compression .s|)acc 22 per cent of total. 

Diameter of wristpins inches. 

Firing t»r(lcr 1, 4, 2, 6, 3. 5. 

The horscfjowcr <lcvelr»pei1 at 1.2(10 revolutions per minute is 1.^. at 
1,300 revolutions ]u*r niintile 140. al 1,400 revolutions per niintite I4ft. 1.400 
IS the maximum s|>ecil at uliicli it is nx*i»iiiincndc<l U* run these motors. 

A twcIvc-cyliiKlcr Vec»tyi«^ engine 
was also Imik l»y this cc»nipanv\ similar 
Ml rliiiiensions of cvlimkrs to the six. 
‘riu* priiici|»a] differences were in the 
<lrivc ciiushaft, which is through 
spur gears iustea<l <if Iwvrl. A hinged 
of ciMinecting rod was iiM*d which 
<]id not increase the length of the motor 
:in<l. .It iIk same time, this construction 
tmivide^l for ample Ix'urings. A dutihic 
ivntrifugal water jnimii was provided 
for this motor, so as t<» distribute the 
water niiifonnly to bi>lh sets of cylin¬ 
ders. Four magnetos were use<h two 
for each s<*l of six cylinders. The 
magneUw were very aa*essibly located 
on a bracket on the sjmr gear cover. 
The carburetors were l(Kated on the 
(Hitsklc of the motors, where they are 
very iMXessiUe. while the cNlunist is in the center of the valley. The crankshaft 
MU the twelve is 2)^ inches in dumwlcr and the sluift is Ihik'cI to reduce weight. 

Hall-Scott Aviation Engines.—The following specifications of the Ilall- 
Scott ‘‘Big Four*' engines ajijdy just as well to the six-cylinder vertical 
ly)>es which arc practically the same in construction except for the struc- 
Uiral changes nece.ssary to accommodate the two extra cylinders. Cylin¬ 
ders are cast separately fnnn a s|>ccial mixture of semi-steel, having cylin¬ 
der head with valve scat.s intugrab Special attention has been given to 
the de.sign of the water jacket around the valves and head, there being two 
itiches of water space alxivc same. The cylinder is annealed, rough ma- 
I hined. then the inner cyliiulcr wall and valve scats ground to mirror finish. 
I'his adds to the durability of the cylinder, and diminishes a great deal of 
the excess friction. 

Great care is taken in the casting and machining of the.se cylinders, to 
liave the bore and walls concentric with each other. Small ribs arc cast 
between outer and inner walls to assist cending as well as to transfer 
''tresses direct from the explosion to hold-d<iwn holts which run fnim steel 
main bearing caps to lop of cylinders. The cylinders are machined upon 



Pig. 415.—Timing Diagram Showing 
Firing Order and Valve Timing of Wis¬ 
consin Aviation Engine. 
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the sides so that when assembled on the crankcase with g^rooved hold-dowi 
washers tightened, they form a solid block, greatly assisting the rigidit\ 
oi crankcase. 

Hall-Scott Connecting Kods.—The connecting rods are very light, Iwin^; 
of the 1 beam type, milled from a solid chrome nickel die forging. The cap^ 
arc held on by two |d“inch twenty-thread chrome nickel through bolts 
The rods arc first roiigliwl out, then annealed. Jlolc.s arc drilled, after 
which the hmIh arc hardened and h<»les ground ]parallel with each other 
The piston end is lilted with u gnu uiclal hushing, while the crankpin en<l 


i 



Fif 416,—Front View of Early BipUne FuaeUge Showing Inatallatioft of HaU-Scoti 
Sia-Cylinder Aviation Engine with Direct Driven Tractor Screw which Turns at 

Bnginc Speed. 
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carries two bronze serrated shells, which arc tinned and babbitted hot, being 
liroachcd to harden the l>abbitt. Hetween the cap and hkI proper arc placed 
laminated shims for adjustment. 

HalbScott Oiling.—The oiling system is known as the high pressure 
lype, oil l>eing forced to the under side of the main bearings with from 
live to 30 points pressure. This system is n<il aEceted liy extreme angles 
i>l>tained in flying, or whether the motor is hschI for pnsli or jmll machines. 
A large gear pump is located in the lowest |H)iiit t>f llie oil sump, and being 
submerged at all times with oil, does away with trouhlesoinc stuffing bi>xcs 
and check valves. The oU h first drawn from the strainer in oil sump to 
lUe long jacket anuind the intake nmiiilold. then forced to the mam distrih- 
iiUir pi])C in crankcase, vvliich leads ti* all main bearings. A bypass, 
located at one eml id the distrihniur pipe, can lie regulated to provide any 
jiresHtire re(|uired, the surplus oil being returned to the case. A special 
feature of lliis system is the dirt, water and sediment tra)>. located at the 
bottom of the oil sump. 'I’his can W remo^ e<l without disturbing or dis¬ 
mantling the oil pnmp or any oil pi|K*s. A small oil tircssure gauge is 
provided, which can he run to the aviators instrninent lM)ard. This 
registers the oil pressure, anil aKo <lclcmiincs its circulation. 

HalbScott Cooling System.—The eiMilfug of this moti»r is accomplished 
by the oil as well as the water, this lieing covered by iiaicnt No, 1,078.^19. 
This is accomplished by circulating the oil around a long intake manifold 
jacket; the carlnireliou of gasolnie cools this regardless of weather condi¬ 
tions. Crankcase heat is therefore kept at a minimum. The uniform 
temperature of the cylmdcrs is maintained by the u.se of ingenious internal 
outlet pipes, running tlinuigh Ihe hea<! of each i»f the six cylimlcrs, rubber 
hose connections Inung nsetl so that any fuic of llic cylinders may l>e re¬ 
moved without disturbing the others Slots are cut in these pi)>cs so that 
cooler water is drawn directly around the exhaust valves. Extra large 
water jackets arc provided n)Mm the cylmdcrs. two inches of water space 
is left alH)VC the valves and cyliiulcr head, 'fhe water is circulated by a 
large centrifugal ]nim]> injuring amide circulation at all speeils. 

Crankshaft and Camshaft.—The crankshaft is of the five hearing type, 
lieing machined from a special heat treated drop forging of the highest 
grade nickel steel. 'I'hc forging is first drilled, then roughed out. After 
this the shaft is straightened, turned down to a grinding size, then ground 
accurately to^ize. The laaring surfaces are of extremely large size, over¬ 
size. con.sidering general practice in the Imihlnig <if high-s]>eed engines of 
similar bore and stroke. The crankshaft licarings are two inches in diame¬ 
ter by I'^jo of an inch long, excepting tlic rear main hearing, which is 
AH inches long, and front main Ix'aring, which is inches long. 

Steel oil scupi>ers are pinned and sweated onto the webs of the shaft, 
which allows of properly oiling tlie connecting kkI hearings. Two thrust 
bearings are installed on the propeller end of the shaft, one for pull and the 
other for push. The pro|>cllcr is driven by the crankshaft flange, which is 
securely held in place uixm the shaft by six keys. These drive an outside 
propeller flange, the proi>ellcr being clamiied Wtween them by six through 
l>olt8. The flange is fittetl to a long taper on crankshaft. This enables 
the propeller to he removed without disturbing the l)olts. Timing gears and 
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starting ratchets are boiled to a flange turned integral with shaft. 

The camshaft is of the one piece type, air pump eccentric, and gear 
llange being integral. It is made from a low carlxm specially heat treated 
nickel forging, is first roughed out and drilled entire length; the cams are 
then formed, after which it is case hardened and ground to size. The 
irimshaft bearings arc extra long, made from Parson's white brass. A 
>111 all clutch is milled in gear end of shaft to drive revolution indicator. 
'Hie cam.shaft is enclosed in an aluminum htuising Imlicd directly on top of 
all six cylinders, being driven by a vertical shaft in connection with Iwvel 
gears. This shaft, in cfmjiincti<»n with rocker arms, rollers and other work¬ 
ing parts, is oiled by forcing the oil into end of shaft, using same as a 
distributor, allowing the surplus suj>ply to flow back into the crankca.se 
iliroiigh hollow vertical tube. 'Phis supply oils the magneto and pump 
gears. Extremely large Tungsten valves, !»eing one-half the cylinder 
iliamcter, arc scaled in ihc cylimlcr beads. Large diameter oil tempered 
Springs helci in Ui<i\ steel cups, locked with u key, are provided. The ports 
arc very large and sluirt. being tlesigm-d to allow the gases to enter and 
exhaust with the least jM^ssilde resistance. 'Phese valves are operated by 
overhead one piece cainsliafl in connection with short chrome nickel rocker 
:\rnis. These arms have hardened t(»ol sicel rollers on cam cn<l with hard¬ 
ened tool steel adjusting screws consirnctiun allows accu¬ 

rate valve liming at all siH*e<ls with Ica.^^t tH)ssil>lc weight. 

Crankcases arc cast of the best aluminum alloy, hand scraped and sand 
lilasicd inside and <nit. Tlie lower oil ca.se can be removed without break¬ 
ing any ctmnections, so that the connecting rods and other working parts 
ran readily lie liisi»cctcd. An extremely large strainer and dirt trap is 
located In the cemcr and lowest point of the case, which is easily removed 
from the outside without disturbing the oil pump or any working parts, 

A Zenith carburetor is providiHl. Automatic valves and springs arc 
absent, making the adjustment .simj)le and cfTicicnt. This carburetor is 
not affected by altitude to any apj>rcciable extent. A Hall-Scott device, 
covered by U. S. Patent No. 1.07^91*). alh^ws the oil to be taken direct from 
ihe crankcase and run around the carburetor manifold, which assists car- 
Inireturn as well as reduces crankcase heat. Two waterproof four-cylinder 
S]ilitdorf ‘'Dixie” magnetos arc provided. Ibuh magneto iiilcrrnptors are 
connected to a rock shaft integral with the motor, making outside connec¬ 
tions unnecessary. It Is worthy <d note that with this independent double 
magneto system, one conii»leic magneto can become inoperative, and still 
the motor will run and conliiuie to give good power. 

The pistons as pnwided in the A7 engines are cast from a mixture of 
steel and gray iron. These are extremely light, yet provided with six deep 
ribs under the arch head, greatly aiding the onding of the piston as well 
as strengthening it. The pi>lun pin are located very low in order 

to keep the heat from the piston bead away from the ui>per end of the 
■ onnccting rod, as well as to arrai.ee them at the pomt wh^e the piston 
tils the cylimler best. Throe Va imh rings arc came.i. 1 he pistons as 
lirovided in the A7a engines are cast fr<.m al.in.iniim alloy. Four >4 inch 
rings are carried. In la.lh piston ty|«s a large diameter heat treated, 
c hrome nickel steel wristpin is provi.lcd, assembled in such a way as to 
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mcnt were the HaiUScott* the Wisconsin motor, the Renault water-cooled, 
the Packard, the Christ(»fferson and the Kolls-Koycc. Each these motors 
shows considerable variation in detail. The RoUs-Koyce and Renault are 
the only ones who have used the steel cylinder with the steel jacket. The 
Wisconsin motor uses an alumimim cylinder with a hanlencd steel liner 
and cast-iron valve scats. The Christ off erson has somewhat similar de¬ 
sign to the Wisconsin with the exception that the valve scats arc threaded 
into the aluminum jacket and the cylinder head has a blank end which 
is secured to the aluminum casting by means the valve scat pieces. The 
Rolls-Royce motors showed small differences in details of design in cylinder 
head and camshaft housing from the Mcrccfles on which it had taken out 
patents, not only abroad hut in this country. 

The Bena Motor.—In the Kaiser prize contest for aviation a 

four-cylinder llcnz nn»t<»r f»f by J80 luillimeUT.s won first prize, develop¬ 
ing 103 brake horsepower at 1.2*10 rj>.!n. The fuel consumption was 210 
grams per horsepower hour. Ti»ial weight of the motor was 153 kilograms. 
The oil consumption was .02 of a kil<»grani per bc»rsepnwcr hour. This 
motor was afterward expanded into a six-cybnder design ami three different 
sizes were l)uilt. 

The accompanying table gives some of the details of weight, h<ir5C|Knver, 
etc. 


Motor Type 

B 

FI) 

FF 

Ralcil hurwpowcr. 

R5 

100 

150 

H«rscpi»wcr al 1250 r.p4n. 

KR 

lOK 

ISO 

Horsepower at 1350 r-p-?n. 

95 

IIS 

160 

bore in millTmcters. 

KVi 

116 

130 

Stroke in niilUineicrs. 

150 

160 

180 

Offset of the cylinders in n 1 llhMkekT^. 

IS 

20 

20 

Rate of CfiOMMiiption in ur.ims. 

240 

230 

225 

Oil ciiiisuhiptinn in gnutis ]»cr b.lip. Uonr. 

10 

10 

10 

Oil capacity in kiloaraius. 

36 

4 

AA 

Water capacity in litre**. 

The weight willi water ajid oil but with two mag- 

$'A 

7A 

9A 

nct(K. luel b‘ 0 <lrr aiul air pujiip in kil<»KTani^.. 
The weiftht of nnitnrs uiclndmg the water pump, 

m 

200 

245 

two maK"ctuH. double iipution. etc. 

The weight of tlie exhaust pipe, cotnplcie in 

UiO 

190 

230 

kilograms . 

A 

4.8 

SA 

The weight of llic propeller huh in kihigrams. 


4 

A 


The Benz cylintler is a simple, slraightfonvard design and a very re¬ 
liable construction and not particularly difficult to manufacture. The 
cylinder is cast of iron without a water jacket but including 45 degrees 
angle elbows to the valve pcjcLs, The cylinders are machined wherever 
possible and at other points have been hand filed and scraped, after which 
a jacket, which is pressed in two halves, is gas welded hy means of short 
pipes welded on to the jacket. The bottom and the top of the cylinders 
become water galleries, and by this means separate water pipes with their 
attendant weight and complication are eliminated. Rubber rings held in 
aluminum clamps serve to connect the cylinders together. The whole 
construction turns out very neat and light. The cylinder walls are four 















«70 


MODERN AVfATION ENGINES 


millimeters or of an inch Ihick and the combustion-chamber is of 
cylindrical. |»ancakc form and is 140 millimeters or 5.60 of an inch in 
dianjctcr. The valve scat.-^ sire 68 millimeters in diameter and the valve 
port is 62 millimeters in diameter. 

The pas.su^^c jcjtniiif' the port is 57 millimeters in diameter. In order 
to in.sert the valves into the cylinder the vaivc-stem is made with two diam¬ 
eters and the valve has to Ik: cocked to insert it in the gfiiidc. which has a 
bronze Inishinp at its end lo coTii|H*tisnte for the smaller valve stem 

dianjolcr. The valve stem is fonrleen inilhmelcrs <'r of an inch in 
diameter and is rediK*e<l at its npjKT p«irlion to OVi millimeters. The valves 
arc <*|KTate<l through a pnsh r<H| and rocker arm cuiistrurlion, which is 
Via of an inch an<l exceedln^cly IikIU. U«»cker arm siipj>i»rls arc slccl studs 
with enlarjjed heads lo lake a tioulde row hall I Hearing. A ridler is mounted 
at one C!ul of tlic rot ker arm to inijiiu^c on the end t>( ihc valvc-slcm, anti 
the mckiT arm has an atljnsiable tjlobe stiul at the tUher cntl. 'rhe pu.sh 
rtxlsare li^lit steel tiilH*s with a wall ihickncss of 0.75 millimeters and have 
a hardenetl si eel enp at tfieir upper eiul lo enya^e the r<»eker arm glohc 
slvul and a hardened .steel ^lohe at their lower end tt» socket in the roller 
phm^'er. 

The ilenx cainshafi has a diameter of 26 mdlimeters and is IforpcI 
strai^dit tfirons'll eighteen inillnneters and (here is a spiral ^^ear made in¬ 
tegrally with the shaft in alKUit the center of Us lenj'th clrivin;^ the <d] 

pump Rear, 'Die cam faces are ten nnlfiinelers wide. 'i‘herc is also, in 
addition to the intake and exhaii.st cams, a set of half compression cams. 
The shaft is moved loiiuitudiiially in Us tK*ariill's hy means i»f an eccentric 
to ]nU these cams into action. At the fore end (d the shaft is a driving gear 
flange which is very small in diameter an<l \ery thin, Thu flange is 68 
millimeters in diameter and bnir iiiilhmelers thick and is lati]>ed to take 
six millinieter Indis. 'Hie total length of camshaft is 1.0.W millimeters, 
and it heoomes a regular gun Uiring joh to drill a ludu id this length. 

Thu camshaft gear is 140 millimelers or S' j inches outside diameter. It 
has 54 teeth and the gear face is fifteen milhnieters i»r inch. 

The flange ami web li.ive an average ihickness id four millimeters or %o 
of au inch ami the web is <lrillcd full of lades inter pc »scil between the s]>iir 
gear mounted cm the camshaft ami the camshaft gear. There is a gear 
which serves to drive the iiiagnclos and tachometer, also lliu air pump. The 
shaft is made integrally with this gear ami ha.s an eccentric iH>rlion against 
which the air puiiij) ndl plunger impinges. 

The seven-bearing crankshaft is finished all over in a beautiful manner, 
and the shaft out <d the particular inot«jr wc have show.s no signs of wear 
whatever. The crankinn.s arc 55 millimeters in diameter and 69 rnilli- 
meters long. Thnmgh Inilh the craiikpiii and main bcaring.s there is drilled 
a 28 millimeter hole, and the crank checks arc plugged with solder. The 
crank cheeks arc also bniU to convey the lubricant to the crankpins. At 
the fore end of the crank theek there is presse^l on a spur driving gear. 
There is screwed on to the front end (d tlic shaft a piece which forms a 
bevel water puin)i driving gear and the starting dog. At the rear end of the 
shaft very close to the ])roi>clUT hub mounting there is a double thrust 
bearing to take the propeller thrust. 
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I^ng, shouldered stu<ls are screwH into the lop half of the crankcase 
portion of the case and pass clean throujjh the bottom half of ihv ease, 
rhe case is very stilT and well rihlvcd. The three center bearing: dia¬ 
phragms have d(»ul)Ie walls. The center one serves as a duel Ihronjijh 
which water pipe t>asses, and those <»n either .^idc the center form the 
carburetor intake air pas.sa^es and arc enlarged in .section at one side to 
take the earhnretor barrel throttle. 

The^ pistons arc of cast iron and carry three concentric rings ^ of an 
inch wide on their ujiper end. which arc pinncil at tlie joint. 'I’he t<iii of 
the piston forms the fnistinn of the cone and the pistons arc 110 niilhnietcrs 
in length. J he lower portion of the skirl i.s inacditncd inside and has a 
wall thickness of one millnneter. Kivcied to the jiiston heatl is a conical 
diaphragm which contacts willi the piston pin when in place and serves 
to carry the heat ofT tlie ceiuer of ihr piston. 

The oil jniinp asseiiihly comprises a jmir of phingcr pnnii>s which draw 
oil from a set>arnle < nil side pninji. and consinieied integrally with it is u 
gear jHimp wlucli ilelivers the «nl niitler alxmi fiO poiriirls pressure thnnigli 
a set of cnppe»r jiities in the twise to ihe main Iwarings. 1'he iiUmgcr oil 
jntmp shows great rermcinent of detail. A worm wheel and two eccentrics 
are machined nii mit one j»t<*ce and ser\e to operate I lie fdiingcrs. 

Some interesting details of ihe l<»t) horsepower Itenz motor, shtiw Innv 
carefully the design had been considered. 

Nfaxiiniini Inirscpower. 167 5 t*rake horsei»ouer. 

Sjiecd at masinuitii horsepower. r.p.in. 

I'iston Sliced at inaMinnni hi»rsepower. I.77tl feet per niiiuite. 

Normal horsepower, I6d brake horsei>ower. 

Speed at normul horsepower. r.p.m. 

J’iston sjieed at nornial Imrsejwiwer, 1.656 feet per iiiiiinte. 

Itrake mean pressure at tna.'cimnni horsepower. 101.J pound per srpiare 
inch. 

Brake mean pressure at normal horsepower. 10.V4 |Hnind j»er square inch. 

Specific jMivver cubic inch sweiit volume per brake horsepower, 5.46 
cubic inches; 160 brake horsepower. 

Weight of piston, coin)dele with gudgeon pin, rings, etc.. 5.0 pound. 

Weight of connecting r<Kl, Complete with bearings, 4.^/1 pound; 1.8 
pound reciprocating. 

Weight of rcciprticaling parts jh-T cylinder. 6.8 iMiund. 

Weight u( recipr«>cating parts per sc|nare inch of ]iisloii area. n..b^ lajimd. 

Outside diameter of inlet valve. 68 millimeters; J.fiS inches. 

Diameter inlet valve jH»rt fil), 61.5 millimelers; 2A2 inches. 

Maximum lift of hitet valve fit), eleven niilliineter.s, 0.445 inch. 

Area of inlet valve o])enfng («d b), 21.25 Mpiarc centnneter.s; .k20 square 

inches. 

Inlet valve opens, degrees on crank, t<»p dead center. 

Inlet valve closes, degrce.s on crank, 60 degrees late; 35 millinietcr.s late. 

Outside diameter of exhaust valve. 68 millimelers, 2.68 inches, 

Diameter of exhaust valve iM>rt (<1). 61.5 millimeters; 2.42 inches. 

Maximum lift of cxliattst valve (hi eleven milflineters; 0.4.U inch. 

Area of exhaust valve opening (*dh), 21.25 square centimeters; 3.29 
square inches. 
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Exhaust valve opens, degrees on crank, 60 degrees early; 35 millimeters 
early. 

Exhaust valve closes, degrees on crank, degrees late: live milli¬ 
meters late. 

Length of connecting rod between centers. 314 millimeters; 12.36 inches. 

Ratio connecting rod to crank throw, 3.49 :l. 

Diameter of crankshaft, 56 millTmctcrs outside. 2.165 inches; 28 milli¬ 
meters inside, 1.102 inches. 

Diameter of crankpin. 55 millimeters outside, 2.165 inches; 28 milli¬ 
meters inside. 1.102 inches. 

Diameter of gudgeon pin, 30 millimeicrs outside. 1.181 inches; nineteen 
millimeters inside, 0.708 inch. 

Diameter of camshaft. 26 millimeters outside, 1.023 inches; eighteen 
millimeicrs in.side. 0.708 jnrh. 

NunilHT of crankshaft hearings, seven. 

Projected area of crankpin hearings. 36.85 R<|uare centimeters; 5.72 
square inches. 

Projected area of gudgeon )>in l>earing-s, 22.20 square centimeters; 3.44 
square inches. 

Firing sequence, 1, 5, 3, 6. 2. 4. 

Type of magneio.s. ^116 Bosch. 

Direction of rotation of magneto from driving end. one clock, one anti¬ 
clock. 

Magneto timing, full advance, .30 degrees early (sixteen millimeters 
early). 

Type of carlnirctors (2) Heuz de.sign. 

Fuel consiunjiticm per lumr, mirmal horse|Knvcr, 057 \nni. 

Ntjrrnal sjHfcd of pr<q>cller, engine speed, 1.400 r.p.tn. 

Austr O'Daimler Engine.—'One t»f the first very successful European 
flying engines which was devel<»pcd in Europe is the Austn»-1 >aimler, which 
is shown in end section in a preceding chapter. The first of these motiirs 
had four<ylindcrs, 120 hy 140 millimeters, liorc and stroke, with cast-iron 
cylinders, overhead valves operated hy means of a single rocker arm, con¬ 
trolled by two cams and the valves were clo.sed by a single leaf spring 
which oscillates with the rocker arm. The cylinders arc cast singly and 
have either copper or steel jackets applied to them. The four-cylinder de¬ 
sign was afterwards cxf)anded to the six-cylinder design and still later a 
six-cylinder motor of 130 by 175 millimeters was developed. This motor 
used an offset crankshaft, as did the Rena motor, and the effect of offset 
has been discussed earlier in this treatise. The Benz motor also uses 
an offset camshaft which improves the valve operation and changes the 
valve lift diagram. The lubrication also is different than any other avia¬ 
tion motor, since individual high pressure metering pumps are used to 
deliver fresh oil only to the l)earing8 and cylinders, as was the custom in 
automobile practice some fifteen years ago. 

Sunbeam Aviation Enginea.—These very successful engines have been 
developed by Louis Coatalen. At the opening of the war the largest site 
Coatalen motor was 225 horsepower and was of the L-head type having 
a single camshaft for operating valves and was an evolution from the 
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(NoJe.—Engines running at speeds in excess of 1500 R.P.M. have a reduction gear for driving propeller.) 
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twelve-cylinder raciii;; car which the Stinbcam Company had previously 
built. Since 1014 the Snnlieain C<iiitpany have produced engines of six-. 
eiffliK twelve-, ami eighteen-cylinders from 150 to 500 hoTse|K>\vcr with 
l)(»ih iron and uluinmiiin cylimlers. The war-time motors had overhead 
camshafts with a separaU* shaft hu operating the intake hikI exhaust valves. 
Camshafts are coiinciled throii;;]i to the cranksliaft by means of a train 
of s]inr k^ear.s. all of >Yhich are morn tied «in two double row ball bearinji^s. 



Fig. 420.—At Top, Sunbeam Overhead Valve 170 Horsepower Six-Cylinder Water- 
Cooled Engine. The Side View Below the Six-Cylinder is of the Sunbeam 350 Horse¬ 
power Twelve-Cylinder, "*Vee" Engine. 


In the twin six. .150 horsc)*ower engine, operating at 2.100 rp.m., requires 
about four horse]M*vvtT to <»i)erale the camshafts. Tliis motor gives 362 
horsepower at 2.100 revolutions and has a fuel consumption of ^Moo of a 
pint per brake lu»rsepi»wcr h<»nr. I'lie cylinders are 110 by 160 milli- 
nietera. The same <lesigu has been expanded into an eighteen-cylinder 
which givc.s 525 horsepower at 2.100 turns. There has also been developed 
a very succes.sfn1 eight-eyliiuler motor rated at 2,220 horsepower which has 
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Fig, 421.—View of th« Eighteen-Cylinder “W” Type Sanbeam-Coatalen Aircraft Engine Fated at 475 Brake Horsepower. This Engin 
Had Eatremely Good Weight to Horsepower Ratio and Was a Remarkably Efficient War-Time Design. 
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a bore and stroke of 120 by 130 millimeters, weight 450 pounds. This 
motor is an aluminum block construction with steel sleeves inserted. Three 
valves are operated, one for the inlet and two for the exhaust, One cam¬ 
shaft operates the three valves. 

The wartime Sunl^cnm engines ojicraled with a mean effective pressure 
of 135 pounds with a coin]>rcssion ratio of six to one sea level and compared 
favorably in performance with engines hiiih today. The connecting rods 
are of the articiilalcd ty]>e as in the Renault motor and are s’ery short. The 



Pig, 422.^Sunbeam Eighteen-Cylinder Motor. Viewed from the Anti-Propeller End. 

Showing Water Pump and Ignition Magneto Initallation. 


weight of these moic»rs turns out at 2 6 jwiinds per brake horsepow^cr, and 
they are able Ui go through a 100 hour test without any trouble of any 
kind, The lubricating .system comprises a dry base and oil pump for draw¬ 
ing the oil ofT from the base, whence it ts delivered to the filler and cooling 
system. It then is pumped by a separate high pressure gear pump through 
the entire motor. In these larger £urn]tcan motors, castor oil is used 
largely for lubrication. It is said that without the use of castor oil it is 
impossible to hold full power for five hours. Cnatalcn favors aluminum 
cylinders rather than cast iron. The series of views in Figs. 420 to 42.3 
inclusive, illustrates the vertical, narrow tyj>c of engine; the Vee-form; 
and the broad arrow type wherein three rows, each of six cylinders, are set 
on a common crankcase. In this water«Miled series the gasoline and oil 
ermsumption are iitUably Kiw. as is the weight i)er hc»rsepower. 
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In the eighteen-cylinder overhead valve Sunbeam-Coatalen aircraft en¬ 
gine of 475 brake horsejwwer, there are no fewer than half a d(»zen magne¬ 
tos. Each magneto is inclosed. Two sparks are furnished to each cylinder 
from independent magnetos. On this engine there are also no fewer than 
six carburelf^rs. Shortness of crankshaft, and therefore of engine length, 
and absence of vihrntitm are achieved by Ihc linking of the connecting rods. 
Those concerne<l with three—cylinders in the Imiad arrow format ion work 
on one crankj)in. the outer rod.s Iwing linked to iltc central master one. 
In consequence of this arrangement, the piston travel in the cruse of the 



Fig. 423.—Propeller End of the Sunbeam Eighteen-Cylinder 475 Brake Horsepower 

Aviation Engine. 


central row of cylinders is 160 millimeters, while the stroke of the pistons 
of the cylinders set on cither si<le is in each case 168 iiillliineUTs. Inas¬ 
much as each set of .six-cylinders \s completely 1 balanced in itself, this dif¬ 
ference in stroke docs not affect the balance of the engine as a whole. The 
duplicate ignition scheme alsc> applies to the twelve-cylinder 350 brake 
horsepower Sunbcam-Coalalen overhead valve aircraft engine type. It 
is distinguishable, incidentally, by the passage formed through the center 
of each induction pipe for the sparking plug in the center cylinder of each 
block of three. In this, as in the eighteen-cylinder and the 5ix<ylinder types, 
there are two camshafts for each set of cylinders. These camshafts are lu¬ 
bricated by low pressure and are operated through a train of inclosed spur 
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wheels at the magneto end of the machine. The six-cylinder. 170 brafc^ 
horsepower vertical type employs the same general principles, including lh( 
detail that each carburetor serves gas to a gr(Ui]) of lhrrc*cylinders only. I 
will be observed that this engine presents notably little head resistanct 
being suitable for mnlti-eiigincd aircraft. 
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QUESTIONS lOU KF.VIEW 

1. What were the fcalurrs of the MoiH A Hisiiano-Smra nu»t<*r’ 

2. What ihi* nu»st )M»[>ular motor for avutUMt tnniinii* |Min»oHr^ and what were 
its important features’ 

3. Descrihr LibiTty motor const rue ticni, 

4. What rlialist’s wrrv made in the Liberty enpne to adapt it to air fooPntf? 

5. Describe f«mstrurlioii of Ifall-Scotl eninncs 

6. Do laic lyiH'S of aircraft engines clt(Ter nuKenally from (be early models and if 
so, in wbat way? 

7. Name two tcopnlnr German uar-tinie engines. 

8. Outline some features of tbe Beti^ engine 
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INSTALLATION AND TROUBLE SHOOTING OF WARTIME 

ENGINES 

Early Inverted Engine Mounting^Conventional InataUation^Mountiiig of Curtiat 
OX Series Engines—Engine Bed Dimensiona—HalUScott Engine InitalUtion— 
Fuel Supply Sy item—Ignition Switchea^H all-Scott Water Systemi—Preparationt 
to Start Engine—lnstalling Early Rotary and Radial Cylinder Engines—Prac* 
tical Hints for Trouble Shooters—Engine Stoppage Analysed—Troubles in Igni¬ 
tion System—Defects in Fuel System—Early Duplex Zenith 0. D. Carburetor- 
Faults In Oiling Systems—Defects In Water-CooUng Systems—Causes of Noisy 
Operation—Summary of Hints for Starting Engine—Tables of Engine Troubles— 
Lost Power and Overheating—Noisy Operation of Powerplant—“Skipping" or 
Irregular Operation—Ignition System Troubles Summarised—Motor Stops With¬ 
out Warning—Motor Misfires—Electrical System Com pone nt^Sparkplugs— 
Magneto—Storage Battery—Timer—Induction Coil—Wiring—Carburetlon System 
Faults Summarized—Motor Stops in Flight—Motor Racefr—Motor Misfires— 
Noisy Operation. 

The i»rn|>cr insl:tl).ntii»n of tlic nirjilniK* iMvwcrjilant is inrire important 
than is jjt*mTally supiMisnl. ns \tliilc these rn^iiu*s arc usimlly well l)alancetl 
anrl run with little vifiraticm. it is tiecessarv that they he securely anchored 
and that varinu.s coniurinuis 1o tin* aiixiiiary f^arls be carefully made in 
order to prevent breakayc from vibration and that attendant risk of motor 
'itoppajje w'hilc in the air. The type of tnol<»r to he installed determines 
the methotj of inslallailon tr» 1*0 followctl. As a {general rule six-cylindcr 
vertical engine and ei^hl-cybndcr Vcc type arc mounted in sulistantially 
the same way. Tlic rjnlial, fixed cylinder forms and the radial, rotary cyl¬ 
inder Gnome and Khimc rotary ivfie.s reciuirc an entirely different method 
of mounlinjj. 

Early Inverted Engine Mounting.—Some imcotiventional mountings 
have been tlevi>.e<l, notably that .Miown at I'ig. 424, which is a six-cylinder 
German engine llial was iuslallcd in just the opjMisitc way to that commonly 
followed. The ir» verted cvlimler construct inn was not generally followed 
in early engines l»ecaiise even willi pressure feed, dry crankcase type lubri¬ 
cating system there w as ctmsiderablc danger of ovcr-lubrication and of oil 
collecting and carl>onizjug iu the combustion-chamber and gumming up 
the valve action much (|uicker than would be the case if the engine was 
operated in the conveniumal upright |K>sition. The reason for mounting 
an engine in tlii.s way is to idiiain a lower center of gravity and also to 
make for more perfect streamlining of the front end of the fuselage in some 
cases. It is now used to some extent and is presented to show one of the 
possible systems of installing an airpl.ine engine. 

Conventional Installation.—In u number of airplanes of the tractor- 
biplane type the powerplant installation is not very much different than 
that which is fonud in autoin<d)ilc practice. The illustration at Fig. 425 
is a very' clear representatum of the luethofl of mounting the Curtiss eight- 
cylinder 90 horsepower or model 0X2 engine in the fuselage of the Curtiss 
JN4 tractor biplane which w'as so generally used in the Urited States as 

S7d 
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a training machine and lor a number of years after the war for civiliar 
flying. It will be observed that the fuel tank is mounted under a cou! 
directly behind the motor and that it feeds *the carburetor by means of a 
flexible fuel pipe. As the tank is mounted higher than the carburetor. 
will feed that member by gravity. The radiator is mounted at the front 
end of the fuselage and connected to the water piping on the motor by tht* 
usual rubber hose connections. An oil pan is placed under the engine an<l 



Fig. 424.-^Unconveational Mounting of Early C«nnan Inverted Cylinder Motor, a 

Pioneer Form. 

the top is covered with a htiod just as in motor car practice. The panels 
of aluminum arc attached to the sides of the fuselage and are supplied with 
doors which open and provide access to the carburetor, oibgauge and other 
)>arts of the mntc»r rcnuiring tnst>eclii>n. The complete installation with 
the powerplant enclosed is given at Fig. 426. and in this it will be observed 
that the exhaust pipes are connected to discharge members that lead the 
gases above the top plane. In the engine shown at Fig. 425 the exhaust 
flows directly into the air at the sides of the machine through short pipes 
bolted to the exhaust gas outlet ports. The installation of the radiator just 
l>ack of the tractor screw insures that adequate cooling will be obtained 
iKcausc of the rapid air flow due to the propeller slipstream. 

Mounting Curtiss OX Series Engines.—The following instructions are 
given in the Curtiss Instruction BiKik for installing the OX scries engines 
and prejiaring them for flights, and taken in connection with the very clear 
illustration presented no difficulty should be experienced in understanding 
the proper installations, and mounting of this powerplant. The bearers or 
beds should be two inches wide by three inches deep, preferably of lamin* 
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lied hard wood, and placed llji inches apart. They nmst l>e well braced. 
The six arms of the base of the motor arc drilled for ^Mnch bolts, and none 
:)ut this size should be used. 

1. Anehonng the Motor. Put the bolts in froin the bottom, wilh a lar^e 
washer under the head of each so the head cannot cut inu» the wcxxl. On 
overy bolt use a castellated nut and a cotter pin, or an ordinary mit and 
a lock washer, so the boll will not work loose. Always set lunlur in place 
and fasten before attacliin^t any auxiliar)' apparatus, such as carburetor, etc. 

2. Inspecting the Jgiutton-Swich The wires leading from the 

ifrnition switch must be pri>perly connected—one end tf» the motor biidv 
fur ground, and the other end to the post un the breaker box of the maftnetii. 

3. lulling the Radiator. Be sure that the water from llic radiator fills the 
cylinder jackets. Pockets of air may remain in the cylinder jackets even 



Fi^. 425.—How Curtiss Model 0X2 Motor wss Installed in Fuselage of Curtiss 
Trsetor Trsining Biplane. Note Similarity of Mounting in Respect to Radiator to 

Automobile Practice. 

thoug’li the radiator may api>car full. Turn the motor over a few times by 
hand after filling the radiator, and then add more w'atcr if the radiator will 
take it. The air pockets, if allowed to remain, may cause overheating and 
develop serious trouble when the motor i.s running. 

4. Filling the OH Reservoir. Oil is admitted into the crankcase through 
the breather tube at the rear. It is well to strain all oil put into the crank¬ 
case. Tn filling the oil reservoir he sure to turn the handle on the oil sight- 
gauge till it is at right angles with the gauge. The oil sight-gauge is on 
the side of the lower half of the crankcase. Put in about three gallons of 
the best obtainable oil, Mobile D recommended. It is important to remem¬ 
ber that the very best oil is none too good. 

5. Oiling Exposed Moving Ports. Oil all rocker-arm bearings before each 
flight. A little oil should be applied where the push rods pass through the 
stirrup straps. 








•V 



Fij. 426.—War<Time Model of Curtiss JN4 Training Machine Showing Thoroogh Enclosure of Powerplant in the Front End of the 

Fuselage, and Method of Disposing of the Exhaust Gases. 
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6. Filling the Gasoline Tanks. Be certain that all connections in the gaso* 
ii»c system are tight. 

7. Turning on the (ntsofiue. Open the cock leading from the gasoline 
tank to the caTl)iircU>r. 

8. Charging the Cylinder.^. With the ignition switch OFF» prime the 
motor by squirting a little gasoline in each exhaust tH>rt and then turn the 
propeller backward two rc\o1utions. Never open the exhaust valve by 
nperatiug the mcker arm hy ban cl. as the juish ro<l is liable to emne nut 
.if its s4K*kcl in the emu folk over and bcinl the riwkcr arm when the motor 
lurns over. 



Fig. 427.—Front View of the Early LWF Tractor Biplane Fuselage, which 'Used 

Eight-Cylinder "Vee" Engine. Note Method of Disposing of Exhaust Gases. 

9. Siardug the Motor hy Hamt. Always relard the spark part way. to 
prevent liack-finng, by pulling forward the wire attacbe<l to the breaker 
box. Failure to so retard tlte sjiark in starling may result in serious injury 
to ihe operator. Turn on the ignition switch with throttle partly open; 
give a quick, strotig pull dr»wn and outward on the starting crank or pro¬ 
peller. As soon as the nioU»r is starte<l advance the spark by releasing the 
retard wire. 

10. Oil CireiihlioH. I.el the motor run at low speed for a few minutes 
in order to estuldish oil circulation in all bearings. With all parts func¬ 
tioning properly» the throttle may he opened gradually for warming up 
before flight. 

Engine Bed Dimensions.—The Siicivty of Antoniotive Kngincers made 
efforts to standardize dimensions of bed timbers for supporting powerpUnt 
in an airplane. Owing to the great dilTcrciicc in length no standardization 
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was thought possible in this regard. The dimensions recommended wer. 
as loltows: 

Distance between timbers. \Z in. 

Width of bed limhciv. iiL 

Distance between centers of bvdts.13^ in. 


L.--- e/*. .. .... . /fjl — - 

I w-- 







14 ia. 16 in. 

in. 2 in. 

35fj in. 18 in. 


Fl(, 428.—End Elevation of Ha!l>Scott A7 Pour^CyUnder Motor Giving PrindpaJ 

InatiHation Dixnenaions. 
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It will be evident that if any standard of this nature were adopted hy 
engine builders that the designers of fuselages could easily arrange their bed 
timbers to conform to these dimensions, whereas it would be difficult to 
liavc them adhere to any standard longitiuliiinl dimensions which are nnich 
tnore easily varied in fuselages than the transverse <liinensions arc. It, 
however, should be fHissible to standanlize the longitudinal pi»siti<ms of 
ibe holding down l>olts ns the engine designer would still be able to allow 
himself coMsi<ler»'ible space fi»re-and-aft nf the bolts. 

- t". w- 

, H-.mm . • , «va« , 



Fig. 429.—Plan and Side Elevation of KalbScott A7 Four-Cylinder Airplane Engine 

with InauUadon Dunenaiona. 

Hall-Scott Engine Installation.—The very thorough manner in which 
the installation diagrams are prepared by the lending engine makers leaves 
nothing to the imagination. The dimensions of the Hall-Scolt four-cylinder 
airplane engine are given clearly in our inch mcasurcnicnls with the metric 
equivalents at Figs. 428 and 42^, the former showing a vertical elevation 
while the latter has a plan view and side elevation. 

The dimensions of the six-cylinder Halb.Scott motor which is known as 
the type AS 125 horsepower are given at Fig. 4»V). which is a jdaii view. 
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Tlie ilitucnsions are pivcn luilb in inch sizes aiKl the metric equivalents, 
(liap’am sh<»win^ the Icicatinii of the entfine an<J the various pipes leading 
Ui the auNiUary ^^roups is outlined at I'itf. 4,11. The following instruction 
for installing the Hall-Scott powerplaul arc reproduced from the instructioi- 
Iniok is.suc<l ]))' till’ innkcr. OiHTalinK instructions which are given should> 
enable any good incchrinic to make n ]>roper installation and to keep tlu* 
engine in goo<l running condition. 

Fuel Supply System.—Ga.sedine giving the best results with this equip 
menl is as follow.s: (iravily 5K-62 ilegrccs llnume A. Initial boiling point- 
Ricbmond inctluMl -lt)2 degrees Fahrenheit. Sulphur .014. Calorimetric 
bomb lest JO.bln R I n pn piaind If the gasoline tank is placed in tin 



Pig. 430.<^Ptan View of HalbScott Type AS. 125 Horsepower Six •Cylinder Aviation 

Engine Showing Installation Dimensions. 

fuselage below ilio level of the carburetor, a hand pump must be used to 
maintain air jiressure ni g.i?* lank to force the gasoline to the carburetor 
After starling the engine the small atisibary air juinii> it|><>n llic engine will 
maintain snllicirnt pressure A7a nnri A5a engines are furnished with a 
new type auxiliary «air pump. Tlit.s should be frcijuenlly oiled and care 
taken si> no grit <»r .sanci will enter wliicli inigbt lixige between the valve 
and its seal, which wouM make it fail to operate prtiperlv. An air relief 
valve i.s furnt.shed with each engine. It should be screwed into the gas tank 
and projierly regulated to niaiiit.iin the pressure rccinirctl. This is done 
by screwing llie ratchet on lop cillier up or down. If two tanks are used 
in n ]danc one should be installed in each tank. All air pump lines .should 
be carefully gone o\er (piite fn'<iuenlly to ascertain if they are tight. Check 
valves have to be jdaced in these lines. In some cases the gasoline tank 
placed above tlio engine, allowing it to drain by gravity to the carburetor. 
When using this system there should be ,a dr<»p of not less than two feet 
from the lowest portion of ilie gasoline tank to the upper jinrt of the car- 
Inirelor float chain her. ]*A*cn this height might not he sufficient to main¬ 
tain the proper volume of gasoline to the carburetor at high speeds. Air 
pressure is advised ujioii all tanks to insure the proper supply of gasoline. 
When using gravity feed without air pressure he sure to vent the tank to 
alliiw circulation of air. If gravity tank is used and the engine runs satis- 
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Fi*. 431.—Diagram Showing Hall-ScoM Type AS. 125 Horsepower Engine with Pressure Feed Fuel Supply System, an Early 

Installation. 
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factor! ly at low speeds but cuts out at bijyh speeds the trouble is undoubi 
cdly due to insufficient height of the tank above the car)>urctor. The taut 
should he raised or air pressure system used. 

Ignition Switches.—Two ''Dixie” switches are furnished with each en 
gine. Both of these shouUI be installed in the pilot’s seat, one controlling 
the R. H., and the other the L. H. magneto. By shorting either one or tlu 
«dher it can lie qiiirkly dclcnnincd if ImiiIi magnclo.s, with Ihcir respective 
sparkplugs, are working correctly. Care should be taken not to use spark¬ 
plugs having special exteasious or lovp protnidhig poU\is. Plugs giving best 
results are extremely small with short p<nnts- 

Hall-Scott Water System.—A temperature gauge should be installed in 
the water jiipc. coming directly from the cylinder nearest the propeller 
Irjstulling this inslruinent in Ihe ra<liator cap has not always given satisfac 
torv results. 1'his is especially noticeable when the water in the radiator 
heccunts low. not allowing it to touch the bull) on the moto-melcr. Kor 
ordinary running, it should ntU iinlirate over 150 <legrees Fahrenheit, In 
climbing tests, luiwever, a ternpcralurc of \(i) degrees Fahrenheit can be 
maintained wilhout any ill elTecls upon the engine. In case the engine 
becomes overheateil, the iinlicator will register above 180 degrees Fahren¬ 
heit. ill which case it should be stopped iinmedialcl)*. Overbcaling is most 
generally causc<1 by retarded .spark, excessive carbon in the cylinders, in- 
sufTicient lubrication, imjirf^ijerly tiinc<l valves, lack of water, clogging of 
water system in any way which wtuild obstruct tin* free circulation of the 
water. 

Overheating will cause the engine to knock, with possible damaging 
results. Suction pipes slumid be made out of thin tubing, and run within 
a quarter or au eighth of an inch of each other, so that when a hose Is 
placed over lltc two. it will not be j>osstblc to suck together. Thi.s is often 
the case \shcn a long rubber hose is used, which causes overheating. Radi¬ 
ators .should be Hushed out and cleaned thoroughly quite often. A dirty 
radiaU»r may cause i»verheatiiig. 

When filling the radiator it is very imtK>rtant to remove the plug on toj^ 
of the water pump iiiitil water aiijicars. This is to avoid air pf»ckct.s being 
formed in the circulating sysiciii. which might not only heat up the engine, 
but cause ccnisiderable <Iauiage. All water jiump Iukscs and connection> 
should be tightly lajicd and shellacked after the engine is projierly installed 
in the plane. The greatest care should be taken when making engine in- 
stnllalioii uot to use sinulkT inside diameter hose connection than water 
pump .suction end casting. One inch and a quarter inside dianieter should 
l>e u.scd on A7 and A5 motors, while nothing less than one inch and a half 
inside ilianieter hose or tubing <m all A7a and A5a engines. It is further 
important to have light spun tubing, void of any sharp turns, leads from 
pump to radiator an<l cylinder water outlet to radiator. In other words, 
the water circiilalkm through the engine must be as little restricted as pos¬ 
sible. Be sure no light hose is used, that will often suck together when 
engine is started. To thoroughly drain the water from the entire system, 
open the drain cock at the lowest .side of the water pump. 

Preparations to Start Engine.—Alw'ays replenish gasoline tanks through 
a strainer which is clean. This .•^trainer must catch all water and other 





SWINGING THF. STICK” TO START 








Fif* 432.^1 Uuttration Depicting Wrong and Right Methodi o( **Swinging the Stick*' 
Sturt an Airplane Engine. At Top, Poor Poaition to Get Pull Throw and Get Out 
the Way. Below, Correct Poeition to Get Quick Turn Over of the Crankihaft and 

Spring Back froro Rotating Propeller. 
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iminirities in ihe jjasollno. Pnnr at leaM three gallons of fresh oil into l) e 
lower crankcase. Oil all n>cker arms Ihroni^h oilers iijion rocker anti hou - 
inj' ca])S. He sure ra<ltalors arc filleJl within one inch of the top. After n l 


llie jiarts are oiled, and the tanks fille<l. the fon<)win^' must he looked afUr 
licfcjnr .slartin;;: See if crankshaft llan^e is tight on shaft. Sec if propcll(r 
lif)lls are tight ami evenly <lrawn up. Sec if propeller holU arc wired. Set 
if iJropeller is trued up to within yi inch. 

Every four clays the magnetos should he oiled if the engine is in daih 
use. Every tnonlh all cylinder hold-down nuts should he gone over 
ascertani if ilit\v arc light, file stirc to recoltcr mils.) .See if magnclo'- 
are hultud on light and wired. Sec if luagnelo cables arc in good condition 
See if rocker arm lappets have a .020 inch clearance from valve stem when 
valve is sealetl See If tapin^t clamp screws are tigdit and c<»tlered. See i( 
all gas<ihnc. orl. wider pipes and connections are in j>crfect condition. An 
on gus line slionid he testecl fi*r leaks. Pnni]) at least three pounds air 
pressure into gasrdine tank. After making snre that nhovc rules have heen 
observed, test cinnpression of cylinders by turning jiropellcr. 

He sure all comprevsnm release and priming cocks do not leak com* 
tircssiou, If lhe\ do, replace same with a new one immediately, as this 
inigUt cause iiremature tiring. ()t>cn priming c<K.*k** anti scpiirl some gast>* 
line into each, (.’lone etteks. < )j»eu Ciimpressuin release cocks. ()])cii lhr(»t 
tie slightly. If Using Uerluig magnetos they shoidil he threco|uarlers ad- 
vanced. H all ifie htregoing directions h4.ve been carefully billowed, the 
cngniie is rea<ly for starting. In cranking engine either by .starting crank. 
<ir jiropeller. it is essential to throw it over compression cpnckly. Inimc 
<1 lately upon starting, close compression rele.nsc cocks. When engine is 


nniinng. ailvance magnetos. 

After it has warmed u]k short one magneto and then the other, to he 
sure both magnetos ami sparkplugs arc firing properly, ]f there is 3 inis'^, 
the fouled plug must be hK^alcd and cleaned. H'liere i.s a po.ssihility thai 
the jets ill the carburetor arc slupfivd up. If tlii.s is the cik.se, do not attem]ii 
to clean same with auy .sharp iiistrumeul. if this is di>iic. it might change 
the openitig in the jets, thus spoilnig the adjustment, jets and nozzles 
slunild he hUovn out with air or steam. An o]>cii intake or exhaust valve, 
which might have heconic .sluggish or stuck fr<mi carbon, might cause 
tnmhle. l»e sure to reme<ly this at once by using a little coal-oil or kerosene 
on .same, working the vrdvehy hand until it becomes free, Wc reconnneiid 
using grn|ihite mixed >Yith nil on valve stems to guard against sticking oi 
undue wear. 


Installing Early Rotary and Radial Cylinder Engines.—When rotary* 
engines arc installed simjile steel stamping or **spitlers‘' are attached to thv 
fuseluge to hold tlic llxed crankshaft. Iiiasnuich as the motor projects clear 
of the fuselage ]iro|»cr there is plenty of hkuu hack of the front spider platv 
to install the auxiliary parts such as the oil pump, air pump and ignition 
magneto and also the fuel and oil containers. The diagram given at Fig 
423 shows how a Gnome *‘monosoupape*‘ engine i.s installed on the anchor¬ 
age plates and it also outlines clearly the piping necessary to convey the 
oil and fuel ami the air-piping ncc<led to put pressure on both fuel an<l 
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Fig. 433.—Diagram Defining Method of Installing Early Gnome “Monosoupape*’ Motor in Tractor Biplane. Note Necessary Pipes 

for Fuel. Oil and Air Lines, Also Location of Fuel and Oil Tanks. 
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oil tanks to insure positive supply of these liquids which may be carrier] i,., 
tanks placed lower than the motor in some installations. 

The (liafrrams ppven at Figs. 43 ♦ and 435 show other mountings c; 
Gnome enjfincs and are self-e^tplanalory. The simple mounting possil)!. 
when the Anzani ten-cylinder radial fixed type engine is used is given u\ 
Fig. 436. The front end of the fuselage is pnjvided with a substantial 
pressed steel plate having members projecting from it which may he bolten 
to the longerons. The bolts that hold the two halves <»f the crankcase to¬ 
gether project through the steel plate and hold the engine securely to the 
front end of the fuselage. 



Pig. 434.—Diagram Showing Two Methods of Placing Propeller on Gnome Rotary 
Motor. A^Motor in Front of Air Screw. B—Common Method in Which Tractor 

Screw was Placed in Front of the Motor. 

Practical Hints for Trouble Shooters.—(hiv whci is not thoroughly familiar 
with ctigine ctm.MructJon will locate troubles by Iviphiuard cxi>crinieiH- 

ing and it is only by a syslemalic search that the cause can be di.scoveverl 
and the defects eliminated. In tliLs chapter the writer proposes to outline 
some of the most common ]»owerplant trouble.^ and to give sufficiet)t a<lvice 
to cna]>le those who arc not thoroughly informed to locale them by a logical 
process of elimiualUMi. The inlemal-coiiibustion motor, which is the power 
plant of all gasoline automobiles as well as airplanes, is composed of a niitn 
ber of di.^tinct groups, which in Itini include distinct components. Thes 
various ai»plia«ces are so closely relaterl to each other that defective acttoi 
of any one may interrupt the o]>eratinn of the entire powcrplant. Some ot 
the auxiliary groups are more necessary than others and the powerplant 
will continue to operate for a time even after the failure of some importani 
parts of some of the auxiliary groups. The gasoline-engine in itself is ^ 
complete mechanism, but it is evident that it cannot deliver any power 
without some means of sut>tdying gas to the cylinders and iptiting the com 
pressed gas charge after it has been compressed in the cylinders. From 
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diis it is patent than the ignition and carburction systems arc just as esscn- 
lal parts of the powerplant as the piston, connecting rwl. or cylinder of the 
motor. The failure of either the carburetor or igniting means to function 
jiropcrly will be immediately apparent by faulty acti<Mi of the powerplant. 

To insure that the motor will continue to operate it is necessary to keep 
it from overheating by some form of ciH)ling system and to supply oil to 
(he moving parts to reduce friction. The cooling and lubrication groups 
are not so important as carburction and ignition, as the engine would run 
for a limited pcriotl of time even should the cooling system fail or the oil 
sui^ply cease. It would <hiIy be a few inonicnts. lumever. before the engine 
would overheat if the cooling system was at fault, and the parts seize if 
ihe lubricating system shoiihl fail. Any ilerangcnient in the carburetor or 



Pig. 43S.—How Gnome Rotary Motor was Someiimes Attached to Airplane Puielage, 

90 Complete Enclosure Could be Secured by Cowling. 


ignition incchanlsni wouhl manifest itself .at once because the engine opera¬ 
tion woultl be alTcclcd, hut a defect in the ccMibiig ur idling system would 
not be noticed so readily. TIu* careful avi»Hor wdl always inspect the motor 
inechanism before starling on a trip <»f any cnll^cf|Ucllce. and if itisj*ertion 
IS carefully carried out and hK»se parts lighteued it is seldom that irregular 
Operation will be found due to actual breakage of any of the com| mhi cuts 
of the mechanism. Dcterioratifni due to uatiiral causes matures sh»wly. and 
sufficient warning is always given when i>art.s begin to wear so satisfactory 
repairs may be promptly made bofnic serious derangement or failure is 
manifested. 

Engine Stoppage Analyzed.—Before ilescribing the points that may fail 
m the various auxiliary sy^^tems it will be well to assume a typical case of 
engine failure and show the process of locating the trouble in a systematic 
manner by indicating the varUms steps which arc iu logical order and which 
could reasonably be followed, In any case of engine failure the ignition 
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system, motor compression, and carburetor should be tested first. If th 
i^ition system is functioning properly one should determine the amoun 
of compression in all cylinders and if this is satisfactory the carburetint 
group should be tested. H the ignition system is working properly am! 
there is a decided resistance in the cylinders when the propeller is turner! 
proving that there is gtKwl coin]»ression, one may susj>cct the carburetor. 

If the carburetor apj'cars to be in g<H>d c<»nditinn. the trouble may h< 
caused by the ignition being out of time, which condition is possible whoi 
the magneto timing gear or coupling is attached to the armature shaft bv 
a taper and nut retention instead of the more ]H)Sitive key or taper-pin 
tening. It is possible that the inlet manifold may he broken or perforated, 
that an exhaust valve is stuck on its scat hecaiisc of u hn^ken or bent stein, 
broken or Iwsc cam. <jr failure of the camshaft drive because the teeth art 
htri|>|K*d from the engine sluifl i»r caiiwluift gears; or iHvausc the key or othet 
fastening on either gear has faded, alhiwing that member \o turn indepemb 
cntly of the shaft to which it nc»ruially is attacberj. ']*he gasoline feed fn|>c 
may be clogged orbrokcti, the fuel supply may he depleted, or the shut-fifT 
cock in the ga.soltne line may have jarred clo.sed, The gastdiuc filter may 
he filled with dirt or water which prevents passage of the fuel, 

The defects outlined alHivc. except the failure of the gasoline supply, 
arc very rare, and if the ctuuaincr is finmd to contain fuel and the jiipc lint 
to be clear to the carburetor, it i.s .safe In assume the vaimvizing device is 
at fault. If fuel continually runs out oi the mixing chamber the carburetor 
is said to be flooded. Thrs condition result.s from failure of the shut*ofT 
needle to scat prfipcriy or from a punctured hollow metal float. It is pos¬ 
sible that not enough gasoline is present iu the float chamber. If the pas¬ 
sage controlled by the float-needle valve is cluggc<l t>r if the float was badly 
out of adjustment, this contingency would be i)robablc. Wlicn the car¬ 
buretor is examined, if the gasedinc level appears lo he at the proper height, 
one may suspect that a particle of lint, or dust, or fine scale, or rust from 
the gasoline tank has c]oggc<l the bore of the main jet in the mixing 
chamber. 

If the ignition system and carburetor appear to be in good w'orking 
order, and hand cranking .shows that there is no compressum in one or 
more of the cylinders, il means some defect in the valve system. If the 
engine is a inultiplc-i'yUnder type and one fimls jKHir coiuprcssion in all ot 
the cylinders it may be due lo the rare defect 4)f improper valve timing 
This may be caused by a gear having altered its position on the camshaft 
or crankshaft, because of a sheared key or pin having pcrinilted the gear 
to turn alniut half of a rcv<»lution and then having caught and held the gear 
in place by a lirokcn or jagged end so that camshaft would turn, but the 
valves open at the wTong lime. 

If but one of the cylinders is at fault and the rest appear to have good 
comprc.ssion the trouble may be due to a defective condition either inside 
or outside of that cylinder. The external |vir 1 s may be inspected easily, 
so the following slumid be hniked for: a broken valve, a warpeil valve-head, 
broken valve-spring.'*, sticking or bent valve-stems, dirt under valve-seat, 
leak at valve-cbandwr cap or sparkplug gasket. Defective priming cock, 
cracked cylinder head (rarely occurs), leak through cracked sparkplug in- 
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-ulation, valve-plunger stuck in the guide, lack of clearance between valve- 
-tem end and top of plunger caused by loose adjusting screw which has 
worked out of place an<l kepi the valve from seating. The faulty compres¬ 
sion may be due to defects inside the motor. The piston-head may be 
cracked (rarely occurs), pi.ston rings may be broken, the slots in the piston 
rings may be in line, the rings may b.ivo lost their elasticity or have become 
gummed in the gr(H.vcs of the i.iston. or the piston .and cylinder walls may 
lie badly scored by a loose wnsipin or by defective liibricaiiim. If the 
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Pif. 436.—the Early Anuni Ten-Cylinder Radial Engine was Fastened to a 
Steel Plate Securely Attached to the Longerons in the Front End of Tractor Airplane 
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motor 1 $ a type with a separate head it is possible the ^sket or packini 
between the cylimlcr and combustion*chaml>cr may leak, either a<lmitti!i; 
water to the cylinder or allowtnjr compression to escape. This constructioi 
is not often found in modem airplane motors. 

Troubles in Ignition System.—If tlic first test of the motor had shower 
that the compression was as it should he and that there were no seriou' 
mechanical defects and there was pleitly of jjas<iline at the carburetor. thK 
would have demonstrated that the system was not fviuctionin^ 

j»ropcrly. If a battery is emidoyed to supply current the first step is t(i 
lake the sparkjduRs out of the cylinders and tc.st the system hv turninjj ovo) 
the engine by hand. If there i.s no spark in any of the plugs, this may 1><‘ 
considered a positive indication that there is a broken main current lead 
from the liattery, a defective ground connection, a Imise liattery terminal 
or a broken connector If none of ihc.se conditions .irc present, it is safe I<j 
say that llie battery is no longer capable of delivering current. While mag¬ 
neto ignition is generally used on airplane engines, there is apt to be some 
dcvcUipinenl of battery ignition, especially on engines e(]uipi>ed with dec 
trie self-starters which arc now being experimented with. 

The sparkjilugs may he short circuited by cracked insulation fir carbon 
and oil deposits around the cIcctrcMle. The secondary* wires m;iy be bmkcii 
or have defective insulation which permits the current lo ground to sonic 
metal part of tlic fuselage or motor. The electrodes of the sj>ark])lug may 
he to<j tar apart lo permit a spark to overcome the resistance of the coin* 
pressed gas, even if u spark jumps the air space, when the plug is laid on 
the cylinder. 

If magnetos are fitted as is usually tlie ease at present and a spark is 
obtained between the jioint.s of the (dug and that device or the wire leading 
to it from the magiielo is in proper Cimejition. the trouble is probably caused 
by the magneto being out of time. This may result if Uic driving gear is 
loose on the .innalurc-shafl or crankshaft, ami is a rare occurrence. H no 
spark is firoduced at the plugs the .‘‘camdary wire may be broken, the 
ground wire may make contact with sonic metallic jHirtion of the fusd,age 
before it reaches the switch, the carbon ctillecling brushes may be broken 
or not making contact, the contact (loiritsof the makc-aiid-brcak device may 
be out of a<l}ustmctit. the wiring may be attached lo wrong terminals, the 
distributor filled with metallic ()arlicles, carbon, dust <ir oil accumulations, 
the distributor contacts may not he making i>ro|)cr connection because of 
w ear and lliere may be a more serums derangement, such as a burned out 
secondary winding or a iniiictured condenser. 

If the motor runs intermillenlly, iV.. starts and runs only a few revolu¬ 
tions, aside from the conditions previously outlined, defective operation 
may be due to seizing between jiarts l)ccause <if insufficient oil or deficient 
cooling, too much oil in the crankcase which fouls the cylinder after the 
crankshaft has revolved a few turns, and derangements in the ignition or 
carburet ion systems that may be ea.sily remedied. There are a number of 
defective conditions which may exist in the ignition group, that will result 
in “skipping** or irregular operation and the following points should be 
considered first: weak source of cntreiit due to worn out dry cells or dis¬ 
charged storage batteries: weak magnets in magneto, or defective contacts 
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jt magneto; dirt in niaRncto distributor or pi»or contact at collecting 
brushes. Dirty or cracked insulator at sparkplug will cause short circuit 
nnd can only be detected hy careful examination. The following points 
should also be checked over when the plug is msjiccted; Excessive space 
Uelween electrodes, points t<K) ck»sc t<igeiluT, loose central electrodes, or 
loose point on plug bo<ly, sni>i or oil iKirticIcs between eleclriHlcs, or on the 
.surface of the insulator, cracked insulator, oil or water on outside of insula¬ 
tor. Short circuits in the condenser nr interuai wiring of induction coils or 
magnetos, which arc birtunatfly not coninum, can schlom be remedied ex¬ 
cept at the factory where ibcse devices were made. If an engine stops 
Muldcnly and the defect is in the iguitiou syslciu the trouble is usually 
never more serious than a broken or ItMxe wire, 'riiis ntav be easily located 
by inspecting the wiring at the terminals. Irregular opcnilion misfiring 
IS harder to locale because the trouble can <Hily be found after the many 
jiossiblc defective coudnion.s have been cheeked over, one by onc. 

Defects in Fuel Systems.—Defects c carbureiion <dicn causes misfiring 
or irregular o]>cration. 'fhe comiiion deraugrment of tlie cunijinncnts of 
the fuel system that are common eiiongh In warrant suspicion and the liest 
nictluKls for their Incntiun fidinws: hirst. <bsCoiiiirrt (be teed pipe from the 
carburetor ami sec if the gUMdiiic llnus freely from the lank. If the stream 
roming <mt of tlie pific i.s not the full si/c of the <»rifirc it is ati indication 
that the pi])C is clog'ged with clirt or that there is an accuninlution of rust, 
scale, or lint in the strainer screeii> of the filter. It is also possible that 
the fuel shut-off valve may be wholly or partly closed. If the gasoline 
ilows by gravity the b(|Uid may be air boiiml in the tank, w hile if a pressure- 
feed system is utilised the tank may leak so that it does not retain pressure; 
the check valve retaining the jircssurc may be defective or the jiipc convey¬ 
ing the air or gas under pressure to the tank may be clogged. 

If the gasoline ilows from the pipe in a sltmly stream the carburetor 
demands examinatiun. There may be dirt or water in the float chamber, 
which will constrict the passage between the chamber anil the spray 
nozzle, or a particle of foreign matter may have enternl the main or a metering 
plug nozzle and stopped up the fine holes therein. The float may bind on its 
guide, the needle valve regulatings the gasolinc-inlet o|>cning in bowl may 
stick to its seat. Any of the conditions mentioned wcmld cut di»svn the 
gasoline supply and the engine would not receive sufheient quantities of 
gas. The air-valve spring may be W'cak or the air valve lirokcn. The gaso- 
llne-adju.sting needle may be Ioonc anti jar out of adjustment, or the air- 
valve sj>ring-adjusliug nuts may be such a poor fu on the stem that adjust¬ 
ments will iit>l be retainetl. These suggestions apply only to carbuielors 
having air valves and mixture regulating means which are used only in rare 
instances in airplane work. Air may leak in through the manifold, due to 
a porous casting, or leaky joints in a built up ftirm and dilute tlic mixture. 
Sometimes air leaks in Ihnmgh Wfjrn intake valve guitles. Tlic air-intake 
dust screen may be so clogged with tlirt and lint that not enough air will 
(lass through the mesh. Water or sediment in the gasoline will cause mis¬ 
firing because the fuel (ce<l varies when the water or dirt constricts the 
standpipe bore or a particle ol sediment flows in and out of one of the 
metering plugs. 
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It is possible that the carburetor may he out of adjustment. If cloud 
of black smoke are emitted at the exhaust pipe it is positive indication that 
too much f^soline is being: supplied the mixture and the supply should lx 
cut down by supplying smaller nozzle on types where this method of regn 
lation is provided. an<l by making sure that the fuel level is at the proper 
heigltt, or that the j)fofXT metering ])litg is iise<l in those forms where the spnn 
nozzle has no means of adjuMment. If the mixture contains too much air there 
will he a pronounced popping: hack in the car))urotor. When a carburetor 
is properly adjusted and the mixture delivered the cylinder burns ]properly, 
the exhaust jpis will be clean and free from the objectionable odor present 
when pasolinc is Ininicd in excess. The reader is referred to the chapters 
on carburetf»rs prcccdinp this one and should study the Zenith and Stronv 
berp carburetors which arc widely used in aviation enpinc carhurclion svs* 
terns. The character of combust ton may be judped by the color of the 
flame which issues from the exhaust |M»rts or slacks when the ciipinc is nin- 
ninp with an ojx'n throttle after niphlf.itl. If the flame is rctl. it indicate'* 
too nmeh gasoline. If yellowish, it shows an excess of air. while a )>r<jpcrly 
proporli<med mixture wtW be evidenced by a proijointced blue (lame, such 
as piven by a proj^crly adjusted bhnv torch or pas-stove burner. 

Early Duplex Zenith Carburetor.—The Dutdex Mtxlel O. D. Zenith car¬ 
buretor used upon most of the six- and ciphtK'ylin<1er airplane engines con- 
.sists of a sinplc fl<iai chamber, and a sinple air intake, joined to two separate 
and distinct spray nozzles, ventnri am! idlinp adjustments. It is to be noted 
that as tlie carburetor barrels are arranged side by side, both valves arc 
mounted on the same shaft, and >vnrk in unison thronph a sinple operating 
lever. It is not necessary to alter iheir position. In t»rder to make the engine 
idle well, it is essential that the ipnition. especially the sparkplugs, should 
he in pood condition. The paskets between carburetor and manifold, and 
between manifold ,ind cylinders should be absolutely air-light. The ad¬ 
justment for low speed on the carburetor is ma<le by turninp in or out the 
two knurled .screws, placed one on each .side of the float chamber. After 
starting the cnpine and allowinp it to become thorouphly warmed, one side 
of the carburetor should be adjusted so that the three or four cylinders it 
feeds fire properly at low speed. The other side should be adjusted in the 
same manner until all six or eight cylinders fire perfectly at low speed. As 
the adjustment is changed on the knurled screw a difference in the idling 
of the enpinc .should be noticed. If the enpinc bepins to run evenly or 
speeds up it .show s that the mixture becomes right in its proportion. 

Be sure the butterfly throttle is closed as far as possible by screwing 
out the stop screw which regulates the closed position for idling. Care 
should be taken to have the butterfly held firmly against this slop screw 
at all times while idling engine. If three cylinders scctn to run irregularly 
after changing the position of the butterfly, still another adjustment may 
have to be made with the knurled screw. Unscrewing this makes the mix¬ 
ture leaner. Scrcsvlnp in clo^es off some of the air supply to the idlinp jet, 
making it richer. After one side has been made to idle satisfactorily repeat 
the same procc<lurc with the opposite three or four cylinders. In other 
words, each side should be idled independently to about the same speed. 
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Remeniher that the main jei and compensating jet have no nf)prcciahle 
oitcct on the i<lling of I he engine. The idling mixture is drawn directly 
ihrough the opening dclcnniiud hy the knurled screw and enters the car¬ 
buretor barrel thnninh the small hole at the edge t>{ each butlerfl\. This is 
called the priming hole and is only ciTcctivc during idling. Hcyoiul that 
point the suction i.s transferred to the main jet and eonipensalor, which 
oontrol.s the power of the rngnne beyond the idling position of tbe throttle. 

Faults in Oiling Systems.—While tr<uib1es exi>ling in the ignition or 
oarburetion groujis are usually denoted by iin|K'rfecl operation of the motor, 
such as lost tMover, and inivfiring. <lerangeinen(s of the lubricalioii (jr cool- 
ing systems are usually evident by overheating, diminution iti engine capac* 
ily. or ntdsy operation. OvcTheating may be caused sometimes by poor 
carlniretion as much as by deficient cooling or insufficient oiling. When 
ibe oiling grou]) Is not functioning as it should the friction between the 
incjtor parts prcKluces bent. If ll^c c<«0ing syMeni is in proper condition, as 
will be evidenced by the anumnt of water in the radiator, and the carhure- 
lion group ap|«*ars t<» be in giHKi c<»ndition. the overheating is probably 
caused by s<nnc <lcfect in the oiling .system. Overheating is evidenced by 
engine temperature gange^, some showing water temperature, others, in 
alr-cookd engines, showing heal in engine oil. 

The comlitions that most coinimmly result in inmr luhrication arc: 
Insufficient or improper oil in the engitie crankcase or sump, broken or 
cbiggcil oil pipes, screen at filter fdicti with lint or <lirt, br<»kcn oil pump, 
or tiefective oil-puni]i drive. 'I'he supply of <iil may be reduced by a defec¬ 
tive inlot or discharge-check valve at the meehanical oiler or worn puinfis. 
A cloggc<l oil passage or pipe leading to an ini])ortant bearing point will 
cause trouble because the oil cannot get between the working surfaces. It 
IS well to remember that mticli of tlie trouble caused by defective oiling 
may be prevented by using only the best grades of lubricant, and even if 
all parts of the oil system are working properly, oils of jx'or (piality will 
cau.se friction and overheating, 1‘he oil filter screens at various jKunt.s in 
the line shouhl be ihuroughly cleaned at pcricMiical intervals as rccoin- 
rnemled by the engine builders. 

Defects in Water-Cooling Systems.—( ooling systems arc very simple 
and arc not llalde to give trouble .is a rule if tfic radiator \s keiit full of clean 
water ami the circulation is not impe<lcd. When overheating is due to de¬ 
fective codling the most coiiniicm troubles arc those that impede water cir- 
nilation. If the radiator is cloggeil or the piping of water jackets filled 
with rust or sechtncnl the sjieecl of water circulation will be slow, which will 
also be the ca.se if the water pumji or its driving means fail. Any scale or 
sediment in the water jackets or in the piiiing or radiator jia.ssages will 
reduce the heat conductivity of the metal exposed to the air. and the water 
will not he cooled as tpiickly as though the scale or rust was not present. 

The rubber hose commonly used in making the (lexiblc connections de¬ 
manded between the radiator and water manifolds <if the engine may deteri¬ 
orate inside and particles of rubber hang down that will reduce the area of 
the passage. The grease from the grease cups mounted on the pump-.shaft 
hearing to lubricate that member often finds its way into the water system 
and rots the inner walls of the ruliber hose, this re.suliing in strips of the 
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partly decomposed rubber lining hanging down and restricting the passage 
The cooling system is prone to overheat after antifreezing solutions •• 
which calcium chloride forms a part have been used. This is due to tin 
formation of crystals of salt in the radiator passages or water jackets, and 
these crystals can only bo dissolved by suitable chemical means, or re¬ 
moved by scraping when the construction permits. Alcohol-glycerine anti- 
freezing solutions are best far aviation engines. 

Overheating is often cau.^vd by some condition in the fuel system that 
]>r(jduccs too rich or t(»o lean tnisUtre. Excess gasoline may be suj^plied ii 
any of the folb»vvlng conditions are jircsentr Bore of s]>rav nozzle or staiul* 
pipe loo large, gasoline level irKi higd). ItKise rcgulaling valve, punctured 
shcot-iiictal float, dirt under float control shnHifl' valve *»r insufficient air 
supply because of a small venturi. If pressure feed is utilized there may 
lie too much |>rcssure iu the tank, or the flf>al controlled mechanism operat¬ 
ing the shul-olT in the float bowl of the carburetor may not act quickly 
enough. 

Causes of Noisy Operation.—I'I ktc are a number of |»owcrplant de¬ 
rangements which give jiosilivc indication because of noisy operation. Any 
knocking or raiding .muiii'Is are uMially jinn (need by wear iu c(nuicctiiig 
roils or main hcaring.s of die engine, diongh MUiielimes a sharp metallic 
knock, which is very much the same as that t>ro<luced by a loose bearing, 
is rluc to carbon de|»osi(s in the cylinder beads, or premature ignition due to 
advanced s|»ark lime. Squeaking souiuls invariably indicate dry bear¬ 
ings. an<[ whenever .such a Mumd is licanl it should be immediately located 
and (»il a]»plied to tlir parts thus denoting their dry condition. Whistling 
or blowing sounds are pniduced by leaks, cilher in the engine itself or in 
the g‘as manifolds. A .sharp whisdc denotes the escape of gas umler pres¬ 
sure ami is usually caused liy a defective )>ackii)g or gasket that seals a iH>r- 
tion of die cnnihiisti<»n-chaniher or that is used fi>r a jinnt at the exhati.st 
manifold. A blowing sound indicates a leaky packing in crankcase, (jrind- 
iiig noises lu the iiu»l<ir arc usually causeil by the timing gears and will 
obtain if these gears arc dry or if they have become worn. Whenever 
a loud knocking sound is heard careful iiispecUoii should be luailc to locale 
the cause of die Iroiilde. Much harm may be done in a few niimitcs if the 
engine is run with loose cmiuecliiig rod nr bearings that wouhi be prevented 
by taking up the wear or hw>seness between the parts by the means of ad¬ 
justment provided. 

Summary of Hints for Starting Engine.—First make sure that all cylin¬ 
ders have coini>rc-ssi4Hi. Tua.scertain this, open relief crocks of all cylinders 
except the one to be tested, crank over motor and .see that a strong opposi- 
tiun to cranking is met with once in two revolutions. If motor has no pet 
cocks, crank aiul notice that opixj.sition.s are met at ecjual distances, two to 
every revolution of the propeller in a four-cylinder motor, three in a six- 
cylinder and four in an eight-cylinder. If compression is lacking, examine 
the parts of the cylinder or cylindcr.s at fault in the following order, trying 
to start the motor whenever any one fault is found and remedied. .See that 
the valve push ro<ls or rocker arms do not touch valve stem.s for more than 
ajiproximately one-half revolution in every two revolutions, and that there 
i.s not more than .010 to .020 inch clearance between them depending on the 
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make of the motor. Make sure that the exhaust valves seat. To determine 
this examine the spring or springs and see that connection to the valve 
stem is made properly. Take out valve and .see that there is no obstruction, 
such as carbon, on its seat. See that valve works freely in its guide. 
Examine inlet valve in same manner. Listen for hissing sound while crank¬ 
ing motor for leaks at other places. 


Make sure that a spark occurs in each cylinder as fnihuvs: If magneto 
ttT l)aUcry with nmiviliraiing coil is used: Discnnucci wire fmni sjiarkplug, 
hold end about one-eightli inch from cylinder or tcnuinal of sparkplug. 
Have motor cranked briskly and see if simrk occurs. Examine adjii.stment 
of interrupter points. See that wires are placed correctly aiul not short 
circuited. T«ake out spark]dug and lay It cm the cylinder, hcnig careful that 
base of plug only touches the cylinder and that ignition wire is connected. 
Have niot<ir cranked briskly atid .see if spark oceur^. t*heck timing of mag¬ 
neto and see that all brushes are making contact. See if (here is gasoline in 
the carburetor. Sec that there is gasoline in (he tank ICxaininc valve at 
tank. Prime carburetor ami see that v|iray m»/zle passage is clear, He sure 
throttle i.s c^jicn, iVimc cylinders by putting about a leasjUHmful of gaso¬ 
line in through pel cock or sjiarkpliig^ o]»eiung. Adjust carburetor if neces¬ 


sary. 


Tables of Engine Troubles.^'ldie bdlouiug tabulation was jirquired 
and origiiialcil by the writer almost at the start of the automotive imlustry, 
over twenty years ago, to outline in a .'*.miple manner tbe various tr<iubles 
and derangements that interfere with ellicient iiiteriia)-c<nnliustit)n engine 
action. 'J*his ]procedure has been widely adopte<l by erignne buibiers and 
most instruction iKsiks contain similar ni'^tructions ap|dyiiig to the motor 
involved. The iiislrnclums gi\eii arc g^ciicral and a]>t»ly to no specific make 
of eiignne. 'J*he parts and iheir funcluMis are practically the same in all gas- 
'»r gasoline-engines of ihc four-cycle t\jic. ami the general iiistnu*li<ins given 
apply just as well to al) liydriK'arfHui rngmes, even If the parts differ in 
form materially. The essential c<nnponents are clearly indicated in the 
many jiart secti<irial drawings in this book so they may be easily recognized. 
The various defects that may materialize arc tabulated in a manner that 
makes for ready reference, and the various defective comlition.s arc found 
ojipositc the i>art affected, and under a beading that denotes the main 
tremble to which the others are vtmtributiiig causes. The various symptoms 
denoting the imlivulual inmbles oiitliticsl arc given to facilitate their rcc- 
ogtiitioii ill a jiositivc manner. 

Brief note is also made of the remedies for the resl<iralicm of the defec¬ 
tive part or coti<lrtioii. It t.s apjiareiil that u table of this character is in¬ 
tended merely as a gui<lc, and it is a c<inipilatioii iif practically all the 
known troubles that may iiiatcrialiy.c in gas-eiiginc operati<m. While most 
of the defects outlined are common emmgh to warrant suspicion, they will 
never exist in an engine all al the same tunc, and it will be necessary to 
make a systematic search fur such of those as exist. 

To use the list advantageously, it Is necessary to know one main trouble 
easily recognized. For example, if the |K>wcrplaiit is noisy, look for the 
possible troubles under the head of Noisy Operation; if it lacks capacity, 
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the derangement will undoubtedly be lound under the head of Lost Power 
It is assumed in all cases that the trouble exists in the powcrplant or 
cotn|>oiients, and not in the auxiliary members of the ignition, carburetion. 
lubrication, or cooling systems. The novice and student will readily recog 
nize the parts of the average aviation engine by referring to the very com 
plete and clearly lettered illustrations of mechanism given in many pans 
of this treatise. 


l.nST PnWKK AND DVKRHKATlNii 


I'ART A^KMmi 

W»tcr Pl|>c JtnM. 
Siwrkplua. 

Coin prf R5 inn K4*li*«i sc 
Cnck. 

Combustion* (Iwinlw, 

Vulvc Cilumber Ch|i 

\*alvc Heud. 

Vulvc Seul. 

Viilve Stem. 

N'alve Stem Guide. 

Valve SpriuR. 

\'alve Oiieratiiii; 
PlunRCr. 

Valve Lift Adjubiing 
Screw. 

Valve Lift Cam. 


NATl'KI tyh TMM'KU. 

t.ric»sc, 

lA’akaRc 111 tlircuiU 
insnlutiiHi. (»r lark 
iuR. 

I^’uk fn llircudit. I.rak 
in fitliiift. 

Oacic or lilnwludc 
KoiiRbiirs^s, CaHnui 

<letN>siu. Slurp 

itlUl*'. 

Ia^uV in tbreufU. IH* 
fcclivG gasket. 


\V*artir<l. Scored or 
jMitff 1- Carfx mi w! 
Covered with wale 

Diosc (HI sutn (Iwo 
piece valves iiiily.) 

Warped or pitied 
Covered with car- 
lam. l’<»rciRii mai¬ 
ler between valve 
and scat. 

Covcic<l willi scale 
}*rnt. Binding in 
guide. Stuck in 
guide. 

Burnt iir mugh. Loose 
in valve cliambcr. 

Weak ur bndten. 

LiMise in guide. Tot 
much clearance be¬ 
tween valve stem 

Threads stripped. Tuo 
near valve. Too far 
iuym valve. 

Worn cam contour 
Loose on sliaft. Out 
of time. 


sVMnnMs AKh 

► SKWTH 

l/iss of water, lu*at 

iiiR. 

of piiwvr. HKs 
ing canH*(1 by oc ap 
nig gas. 

\j%ss of patwer Whist¬ 
ling or hissing. 

Loss of nmipressioii 
Prcignituai 

Loss of I'onipreasiiAi 

Jlissing. 


I.4«ss id oitniircssiMn 


Iaks id eomiircsMtai. 


Naive diA's »Mi| ikisc 
Los.s uf compres¬ 
sion. 

\’ a IV e m a > stick. 

Aclkm irregular. 
Valve ikies not close 
Valve uetton poor 
Lift insufficient. 

PiHir valve action. 


Not enough valve lift 
Will ihil lift valve 
Valve opens at 
MTong time. 


MMIV 

Tighlai bolls, replan- 
gaskets. 

Keptaee iiiMilaliou if 
defeciive. screw 
down tighter. 

Tighten if Iihik. Ciriinl 
lilting lo new seal 
ing in liody. 

Fill by welding. 
Sniooili on1 rough 
ness. Scrape out or 
disvdve earlHHi. 

Remove. Apply pipe 
compound to 
thrca<ls and replace. 
I'se new gasket or 
packing. 

True up in lallir. 
(irind to seal, SrraiH' 
off SmrKith wrili 
emery elotli, Tig III 
en liy rivcling. 

Csc rcMSitiug reamer, 
('lean olT and gniiil 
valve to scat. 

(lean with emery 
cloth; siruiglitcn 
True lip and snuKiili 
off, free with kero- 

SCIH*. 

Clean out hole. Screw 
in lighter. 

Replace with new 
Adjust screw closer. 

Replace with new. 
Adjust with proper 
reference to valve 
stem. 

Rc]daec with new. Re- 
]>lace ]>ins or keys. 
Set lo open prop¬ 
erly. 
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LOST POWER AND OVERHIiATiNC;-<V.«»;i.Krcf 


I'AST A^rwTkn 
(amshafc. 
Camshaft Bushing. 
Camsliaft Drive (ii 


< urn Fastciungt. 
i Jimler W'aU. 




Kings. 


t rankshuft. 

' rank Beariiigs. Mai 
Bra rings 

i)i) Sumi). 


Water Sjiace W'aie 
I'ipcs. 

Pi stem Heat! 


NATI>«K i»V ranVlM.I 

Sprung or twUteif. 
VV<irn. 

\ah\$c on shift. Out 
of time. Worn m 
hrt^en u*etli- 
Worn itr hrnlceii. 
Sc»»re*l. gas lcuk« 
J*iH»r lubrieatinri 
inuH's frHlN'm 
IIItmU in cylMMkr. 
W.ilK sciishI \Vnm 
Mill of round 
i»r >pi i> 

in gr««»vrs. Sci»r«l. 
Worn or broken. 
SlirtA in line. 

( .irlion Ml grtiovrv In* 
Miflicinil o|>ciiiiig 
Mimling ryliiHicr. 
Iaii»si. S4 tiri'> cvliinU r 


Scorvil nr rongh on 
jouiJuK Sprung 
Adjiisfed loo light 
Mv fed IVI* oiling 
liraH*<*s IniriKil 
liisufririoiil oil TNHir 
biliriiiJit. Dirty oil 

iXiggeil wilh SCI (intent 
or 'Cilv. 

Iraekcil (mu), lar 

Immi ikiiosMs 


sviirroMS ANh 
Kemts 

Valves I Hit of fimc. 
Not rnongh valve lift 
Uregular valve aciiiHt. 


Valves otn nf time. 

Poor rompressinti 
f >ivrlH*Htiiig. 

five rhea ting. Vimh 
C omtH4*SsilAl. 

I.OSN of rompreAsMHi 
lias blows hi 

Dverbeatlng becausi 
of friclbni, 

of o«Tn]H 

fUTrlmiting beraus< 
of friiiMMi 

< lverli«*aiiiig her an si 
of friction. 

i Kerliealiiig. 


OxiTiwating. 

I.f»s\ of eofltpressioii 
PrtigiiitiiHi. 


KIlVIKhV 

Slraiglrteii. 

Replace. 

Fallen securely. Time 
properly. Replace 
with new. 

Heplucc witli new. 

Driiid out Imre. Re* 
\Mi\r iiiltng Kysti^rn. 

J.up off cxi'esA metal. 
Keplacc with nevr. 

I*ceii ring or replace, 
h'il new rings. Grind 
snaaith. Reptnee, 
Turn slot A Hjiart. 

Remove civposits. b'ilv 
slot. Grind or lap 
to fii cylinder Itore. 

lotsien securely. Ri*> 
]ilacr eyMilder i i 
gKMive is deep. 

SiniMilb up. StraighG 
cn. 

.Ailjust f reely, clean 
out oil holes and en* 
large nil grcMives. 

Replenish supply. Use 
Iwst oil. Wasb nut 
with ken I sene; in>t 
in clean oM. 

IhsMilve foreign mat* 
ter. remove. 

Weld by autogenous 
process. Scrape off 
ruHioii accumula* 
til Sis. 


NOISY Ori*:K.«KTION f>K POWr.KPl.ANT 


I'AKT APtkIi'THi NATt'tK or 1UOI Hl> 

Compression Re1ea-«c leakage. 

Cock. 

.Spark pi ug. I .ra kage. 

Valve OiamlxT Cap. leakage. 
Otfnbustiun‘Oiamf>er. Carbon deposits. 

Inlet Valve Si'at. iVfecis previously 

given. 

Valve Mead. i^msc on stem 

V'alve Stem. Valvi Wear iir bioseness 
Stem (iuiile. 

Inlet Valve. Closes bn* late f)pcns 

too early 

\’alve Spring. Weak or broken. 


<JlAKAilrKO» N'oisr. 
Hissing. 

H i Asiiig. 

Hiss or whistle. 
Knocking. 

INipjnng ill carl Hire* 
tor. 

Clicking. 

Rattle <*r clicking. 

Rlriwhack in rarbure 
lor. 

Hbiwfiack in carbiire 


Previously given. 

PrcvHiusly given. 
Prcviriusly given, 
previously given. 
PrcviiHisly given. 

previously given. 
Previ^iusly given. 

J*rrviously given. 

Previously given. 


lor. 
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PAHT AKfUTFIl 

Cylinder Casting. 

Cylinder Wall 
Valve Sten» Clearance. 

Valve O per a I ill g' 
PlniiKcr, PluiiKrr 
Giil<le. 

TimiiiK (iears. 


Cylinder or PiMitn. 
Cam. 

Camshaft Bearing. 
Cam Fastening. 
Piston. 


Piston Head 
Piston Rings. 


Wrist pin. 
C'uniiectinK Hod. 


Crank Bearings. 


Main Bearings. 


Connecting R«h 1 Bolt 
Main Bearing Holtv 
Crankshaft. 

Engine Base. 

Lower HaU Crank* 
case. 

Flywheel.* 

Oil Sump. 

Valve Plunger Reten 
tion Stirrups, 
l-aii- 

Kxliaust Pipe Joints. 


KATUSK oy Tanoau; 

Retaining hfilts loose. 
Piston strikes at 
tipper end- 

Scorcfl. 

Too much. Too little 
(inlet valve)* 

Uosmesi, 

l..nr»se on fastenings 
Wrwn leetli. McsIknI 
t4Ni deeply. 

No oil. or p<«ir luhri* 
cant. 

l»ose till shaft Wuni 
omtoiir. 

1ah)^iu*.sh or wear. 

lAHisenrss. 

Uiiiiliiig ill cylimWr. 
Worn oval, causes 
siile slap ill cylimler. 

(aril )111 deposits. 

Defective oiling. Ixak 
age. Binding in cyl* 
ini ter. 

DHise in pislim. Worn. 

Wear In upper hush* 
iiig. Wear a 1 crank* 
pin Sale pby in 
piston. 

I jiosciiess 1** xcessive 
end play. Bindii^, 
fitted too tight. 

laNJseiiess Defective 
UiliricaiitNi. 


lAiose 

Defective oiling. 
l.uose on frame. 

Bolts kx>^. 

Loose on crankshaft. 

Oil level too low 
Poor lubricant, 

UioseiK'ss. 

Bkide loose. Blade 
strikes cixiler. 
Leakage. 


( HAiAtTICft 0> KUISK 

Sharp metallic knock. 

Hissing. 

Clicking. Blnwhack in 
carburetor 

Rattle or clicking 

Mtiallie kiHU'k Kallle 
(jrindhig. 

(Grinding. 

Miiallic knock. 

Slight kiHick. 

Clicking. 

firiiidiiig or dull 
sirueak. Dull Uam< 
mering 

Knocking. 

Si|ucakiuK Hissing 
Crindiiig 

Dull metallic knock. 

Distinci knock 


Metallic knock. In* 
termitlcnt knock 
Squeaking. 

Metallic IjNick. 
S«im'aking. 

Sharp knock. 

Squeaking. 

Sliarp pounding. 
Knodciiig. 

Very sharp knock. 

<j rinding and stpieuk 
in all hearings. 

nicking. 

Clicking or rattle. 
Sliarp hissitig. 


Tighten holts. Rouii«’ 
edges of piston top 

previously given. 
Previously given. 

Previously given. 

Previously given. 

Keftair 4iil system. 

PrcvMHisly given. 

Prcvhiusly given. 
Previously given. 
PreviiHisly given. 

Previously given, 
Previously given. 


Replace with new 
niemlicr. 

Adjust )ir replace 
Scrape ami fit. Use 
longer w f 1 st p i n 
bushing 

Refit bearings. lAingtr 
bushings needed 
Insert shims to ab 
l(»w more play. 

Kit brasses closer to 
shaft t'leaii out 
oil holes and 
groiivcs. 

Tighten. 

Previously given. 

Tigltten bolts. 

Tighten bolts. 

TiglUcn retention Ixdts 
or fit new keys. 

Replenish with best 
cylinder oil. 

Tighten nuts. 

Tighten. Bend back. 

Tighten or use new 
gasket. 
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_AFFRCTK^ 

Crankcase Packing. 
Water Pipe. 


Whaler jacket- 


Ttorau K i HAaMihR of Nirt>K rkmki»y_ 

Leakage. Blowing sounK. Use new packing 

Tifilrtcn bohs, 

Leaks. loss of water. Htnpifling l>ecause c« PrcviiMtsly given, 
flogged with sedi* gitn* iKSits. 
mait. 

Clogged with .sedL Knocking because cn* l)i:««<olvc scale and 
ment. WalUcnvered ginc licaK llnsk out wafer 

with scale, s^mcc with water 

iiioUt pressure. 


* nirigihle engines only, l<ousc i>ropcller Inih will cause the same noiv. 


SKIPPING- OR IRREGULAR OPERATION 


I'AHT AtFVfTHi S^T^R 1 , 0 » rKOl'RI.I 
Lompression Relief Leak in I hr ends 
(Vick. spigtH 

Sparkplug. IamU in threaiU. IV* 

(relive gasket 
I'riicki'fl Insnlaf or 
I’olnts loo near 
Pooil^ covered w*uli 
earhoii To»» much 
, air gap. 

\*alvc Oiamlwr Cap tA*:ik in Ilm*ads ] de¬ 

fective gasket. 


ComlniMinii-Otamhcr. UarluHi deisiMls 
\ ufvc Head Warped or piltcd 

Lmisc (At stnn 


Valve Stem- 
Valve Scut. 

Induction Pipe. 

IiiJec Valvc- 

Exhaust Valve. 

Vulve Stcfn (fuidc 
Inlet Valve Stem 


llindiiig in guide. 
Sticking 

Scored or warped 
( racked ( overed 
with scale. Idirl 
uiuler valve. 

(..eak dl ji Milts C rack 
or blnwlvde 

(loses loo Lite 0|iciis 
tint early. 

OlKiih Unt late. Closes 
l<Mi early 

Heio or cArhooired. 

Worn, stem Icrfisc. 

Weakened or broken 


fiuide. 

V'alve Spring. 

Valve Stem Clearance Too liitk*. Too mucli- 


Valve Spring Collar Broken. 
Key. 


MM nous AMI 
I riTi T< 

Dilutes mixtiue ivilli 
Air. (MOM'S blowimrk 

(dilutes mixture .Al¬ 
lows short circuit 
No spark. 


DiInti'S mixture by al 
krwing air to enter 
e> Under tm mkIkmi 
strt»ke 

Preignilion. 

Dilutes charge with 
piHir air or gas 

Irregular valve action 

(ias leak, ynntr mix¬ 
ture Poor rom- 
pressioti Valvi* will 
not rlos(‘ 

K1 i xt tire d d ul ed wi ll i 
exi ess air 

rdowhick in carbu¬ 
retor. 

RetcntHAi of burnt gas 
dilutes cliaigc. 

('auses valve to stick. 

Air drawn in ou suc- 
tiixi thins gas. 

Irregular action. 

Valve will ind shut 
Valve opt'jis* late, 
ckiM*s early. 

Releases sp^iitg, 


Ht.MtPV 

S( I ew down lighter 
1 1 rind spigiA to seal 
with iinery 

St I ew* di»wii tighter. 
Replace with new, 
Sri poinLs tl2(r 
aiKirt for inugnetn, 
(UO* for battery 
s(urk. 

Previously giviii. 


Scrapie cml. 
J’rcviotisly given. 

rievloiisly given. 

Previously givcii- 


Slop all leaks. 

Time properly. 

Time pnipcrly. 

I*r**vu«is1y given 
Bush guide nr use new 
memher. 

Um* new spring 
Adjust gap W'' ill- 
\vt. 010' exhaust* 

Kqdace. 
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"SKIPPING” OR IRREGULAR OPERATION— 


PART AKFFKTFJ' 

Cam. 


Camshaft Bearing. 

Camshaft. 

Cam KaMeiiing. 

Valve Operating 
Plunger. 

Valve PUmccr Gui 
Timing (iears. 


Piston. 

Pislrm Heart 

Piston Rings. 


Cylhnler Wall. 


• Tlti< vartes 
in each case. 


NATl’RF. nV TKOraLK 

Worn cam coigour. 
Lnrise (in shaft. Out 
of time. 

Looseness nr wear. 

T wisteH. 

Worn or hmken. 

l^KiM* ill gin<k'. 

* Wear in Imre. 
on engine 

Not properly mfslK*il 
IjHise (Ml Oiatt. 

W’alls Mdrcrl 

<*artKnt flrpoMt> Crack 
nr hlowlmlc (rareI 

No spring. I^oo^ in 
grooves, worn or 
hrokni. 

Sciire<l by wrislpiii 
Scored bv lack of 
oil 

(liffercni motors. Spnn: 


SYUfTOMS AND 
P.FWTA 

Valve lift reduced. 
Ikies not lift valve 
Valves operate at 
wrong lime. 

Valve timing altered. 
Valve lift dccrea'inl. 

Valves out nf time. 

Valve action irreg¬ 
ular. 

Alters valve timing. 

.Mters valve liming. 

Valves out of lime 
V'hIvcs rki not 
ate. 

I..eakage of gus. 

i'aiiM' premature igni 
Imfi. 

U*akagt weakens sue* 


Gas leaks by. I'lKir 
suction. 

I instructions of inoiur 


Previously given. 


kepkice. 

Previously given. 
Replace wilh new. 

Replace with iu*w. 

Kepla-e or bush. b*as. 

ten sii'urely. 
kiiinK* propcrlv- 
Pasten to shaft. 

.^mooib lip if poHsibli* 
PrevionsK given 

IVcviously given. 


PrcvK^isly given 


bmbler to (>e followed 


Ignition System Troubles Summarized 
Molttr tntt Xot Start or Starts Hart/ 
Lt)ObC Hattery Tenniiinl. 

Magneto Ciroiiud Wire Shorted. 

Magneto Defective (Nti Simrk al IMttg^). 
llroken Sparkplug In^tilntion. 

Carbon DeiN)sits or Oil Uetween Plug 

Sparkplug Points Tun Near Together or Too Far Apart. 

Wrong Cables to Plugs. 

Short Circuitctl Scemnlary Cable. 

Broken Secondary Cable. 

Storage Battery Weak. 

Storage Battery Dischargecl. 

Poor Contact at Tinier. 

Timer Points Dirtv. 


( 


Battery Systems Onl}* 


Poor Contact at Switch. 

Primary Wires Broken, or Short Circuited. 

Battery Grounded in Metal Container. Battery and Coil Ignition 

Battery Connectors Broken or Likisc. System Only. 

Timer Points Out of Adjustinenl. 

Defects in Induction Coil. 
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ENCJLVE TR<)i;mj:S SUMMARIZED 

IfiTiition Timing Wrong. Spark Too I.atc or Too Early. 
Defective Platinum Points in llrcakcr Uox (Magneto)/ 
l\iints Not Sqmrating. (Itattery Tiincr.l 
I broken Contact Maker S|>nng. 

No Contact at Secomlary C‘ollecl»»r hnish. 

Platinum Contact Points Burnt or I'ittetl. 

Contact Breaker Bell Crank Stuck. 

Fiber Bushing in BcU Crank Swollen. 

Short Circuiting Spring Always in C ontact. 

Dirt nr Water in Magneto Casing, 
nil in Contact Breaker. 

Oil Soaked Brush and (\iUeclor Ring. 

Distrihiilor l*"ille<l with Carhini l*arlicles. 


^^<ftor StopK U ’ithottt IWfnuuft 


Broken Magneto Carbon Brush. 

Broken Lead Wire. / 

i» c - t Jtniken Ciround Wire. 

Battery Ignition Systems. ) 

Water on High Tcnshni Magneto Terminal. 

Main .Secondary Cable Burnt Through liy Ibd h'xhausi Pipe ('rransfi>rmer 
Coil t>r Magneto Sysleins With .Seixirate DistnbntiUsi. 

Particle of Carbon Bel ween Sjiarkphig Points. 

Magneto Short Circuited by (inaind Wire. 

Magnetii Out cd 'rime. Due to Slipping Drive- 

Water or Oil in Safety Sjiark Ciat» (Multi-Cyliinler Magneto). 

.Magneto Contact Breaker or Timer .Stnek in Retard Position. 

Worn Fiber Block in Magneto Contact Breaker. 


Binding Fiber Bushing in ( ontacl Breaker Bell Crank. 
Sjjark Atlvaticc Rocl or Wire Itroken. 

Contact Breaker I’arls Stuck. 


Motor /rrer/a/ni/v or Misfires 

Loo.se Wiring or Terminals. 

Ikoken Sparkplug Insulator. 

Sjiarkjdug Points ScH»ie»l or Oily. 

Wrong Spark Cap at Ping Points. 

J.eaking Secondary Cable. 

Prematurely Grounded Primary Wire. 

Batteries Running Down (Batter}' Ignition Only). 

I*oor Adjustment of Contact Points at Timer. 

Wire Broken Inside of insulation. 

Loose Platinum Points in Magneto. 

Weak Contact Spring. 

Broken Collector Brush. 

Dirt in Magneto Distributt>r Casing or Contact Breaker. 

Worn Fiber Block or Cum Plate in Magneto. 

Worn Cam or Contact Roll in Timer (Battery System Only). 
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Dirty Oi! in Timer. 

Sticking Coil Vibrators. 

Coi) Vibrator P<nnts Pitted. 

Oi? Soaked Maj^neto Wiiidinff. 

Punctured Majjnctn or Ct»il Winding. 

Distributor Contact Se^jincnts U«»u^h. 

Snlj)hatcd Stora^^e Haltery Terminals. 

Weak Ma^^nels in MaR’nelo. 

PfK^r Contact at Majjneto Contact Hrcakcr Pcjints. 

Electrical System Components .—Tu furtber simplify the location of 
electrical system faults it is thouj;bt «lcsirablc Xo (mlline tlic defects that 
can be present in the various parts of the in<lividual devices comprising the 
ignition system. If an airplane engine is provided with niagi)et(» ignition 
solely, as most engines are at the present lime, no attention need be paid li» 
snch items as st<iragc or dry batteries, timer or iiuluction coil. There secin^j 
to l»c some develojuneiit in the <iirection of battery ignition so It has hern 
cemsidered desirable to incUule com|Kmcnts <if these systems as well us the 
almost universally used magneto group. Sparkplugs, wiring anti switches 
are needed with either system. 


l*Y.TtTr 

Idsulatinn crurke<l. 
(nxiilHtioii oil stKtkvfl. 

Carbiii) 

Insulainr kxisc. 
tiusket bo»k(*n. 

Klcctrode loose on slicll. 
Wirv Uk»sc in inMilator. 
Air Rap Um> close 
Air RAp too wkic. 

l.<)Ose frrminnl. 

PtuR liHise in cylimlrr. 
Mica iiisulutiuti oil mkiVH. 


SPARKPT.UGS 

TSnilftLK CAfSra 
PluR inopiTaiivc. 
Cylinder tiiofires. 
Sluirt circuiUsI spark. 
CTytiiiiWr misfires. 

Gas leaks hy. 

<*ytinder misfires. 

C*ytinder mislires. 
SlHirl circuits s|j8irk. 
Spark will not jump. 

Cylinder may misfire. 
Gas Usikv 

Sliort nrctiit'> spark. 


wrrx'T 

Dirty nil in disiritmtor. 
Meial dust in disir(biJtr»r. 
Brui>hcs not making contact. 
Distributor scRments worn. 
Collecting brush hrnkcii. 
Distributing bni^b broken. 
Oil soaked *vinding. 


MAGNRTO 

IHnrHt.R CAt'SF.h 

Pngine misfires. 
Kiigine misfires. 
Current cannot pass. 
Engine misfires. 
Engine misfires. 
Engine misfires. 
Engine misfires. 
Engine misfires. 
Engine misfires. 
Noisy. 

Weak spark. 

Engine misfires. 
Engine misfires. 

No spark. 

Weak or no spark. 


Magnets loose <hi jiole pieces. 
Armature rubs. 

Hearings worn. 

Magnets weak. 

Contact breaker points pitted. 
Breaker points out of adjustmetit. 
Defective winding (rare). 
Punctured cnndvnscr (rare). 


aKMP.MV 

New iiisuliitKMf. 

(*leun 

Remove. 

Tigliftii. 

New gaskd. 

Tight ill. 

TigbUii. 

Set correctly 
Set imints .015" to 
.Ukr utMft. 
Tigliten 
Tiglrtcii. 

Kqilace. 


RF.MKnV 

Clean. 

Clean. 

Strengthen spring. 
Secure even bearing. 
New brush. 

New brush. 

Clean. 

Tighten screws. 
Repair hearings. 
Replace. 

Recharge. 

Clean. 

Reset. 

Replace. 

Replace. 
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Drivinx gear loose. 

Noi.«e 

Tighten. 

Magneto armature nul of time. 

Spark uill ihH tire 

Retime 

Magneto loose on base 

cl targe 

Klisfirhig aixl noisy 

Tighten 

1 ontaci breaker cam wont 

Misti rii>g 

Retdace 

Miter sIkic or rolls wnm (Roscb) 

Misfiring 

Ket»l:i4Y 

Mbrr bu^liing lMii<liiig in cioitaci 

lever .Misfiring. 

Ream slightly. 

(Bosch). 


< ontact lever reliirii hinkm 

Ko s|>Hrk 

Replace. 

Contact leviT rrtiini uruk. 

Mi'firiiig. 

Replace. 

1 iroiMwl wire grciiiiukfl. 

No sfurk 

Ill'll late. 

(ir«»uii<l wire broken 

Kngine mil not sb»p 

loiinet't lip. 

Safely spark gap clirtv. 

No s^urk 

< ’lean 

metal in si>urk gap. 

No stkirk 

Rntiove. 

Safety ^sirk pap Um 

Mistirnig 

N't iif4>ia*ily, 

t.iniM? ilisiribuior lermniaK 

M islirnig 

'I’lgliten 

(\»)itart breaker stickv 

No '|Kirk rontrol 

Rein* nr and clean licar* 



iims 

Magneto switch short circuiteil 

No sfKirk 

liisiilale 

Magneto switch o|h:ii cncmi 

Khl'mh will iHii Stoll 

Restore etmtavl. 

STdKAt.K MATTI'KY 



iKoi III 1 * .\i <1 h 

gf, M rnv 

I'Ucctrolyte low. 

Unik 4 iirriiit 

Replenish with dislillcd 



watci. 

1 nose tcrmiiuils 

Klisliriiig 

*l igliten. 

Snlpliate«l tertniiMls. 

.Mi'fii ing 

t lean Ihonaiglily and 


eoal with vaseline 

hatlery dischargril. 

.Mi'fiinig or 1144 s|Mik, 

New diarge. 

lOectrolyte weak. 

Weak ciiiriiit 

firing to pr«|HT H]K*eific 



giavily 

I'laleH sulphaletl. 

Po4»i ca|uci]>. 

Stasia] slow' charge. 

Se^iiment or mini hi bottom 

Weak 4'nrreiil 

( lean 4 nit 

Active mater ml loose in grirls. 

l*4Jtr 4'.ipiciry. 

NVw plates. 

Moisture or achl on lop oi cell'. 

Sliorls teinnimls 

Remove. 

I^higgcil vent cap. 

ItiKklo (vll jars 

M.ike Villi hole. 

( racked vent cap 

ArnI spilK oiil 

New rail 

1 racked Cell jar. 

ICkx'irohii* iiiiiv out 

New jar. 


11MFK 


nrFStT 

iwit Hi 1* i M'si.n 

kPMnnv 

('‘nnfact segments worn m piite<l 

Misfiring 

(<nml down smiaitli. 

Pint ilium points puinl 

Mi'firmg 

Smcaith with lal stone. 

Dirty oil or metal lUi'i in niu nor. 

Kl iMiriiut. 

( l4*4ii out. 

Worn bearing. 

Mi'rning. 

Replace 

I.oom; terminals. 

Misfinng 

Tiglilen. 

Worn revolving contact biush. 

M isfiniig 

Rei>lucc. 

Out of time. 

Irregular spark. 

Reset 


INDUCTION COIL 


OEKFCT 

TgOLMU. CA 

hF.MRDV 

Loose terminals. 

Misfiring. 

Tighten. 

Broken connections. 

Nil spark. 

Make new joints. 

Vibrators out of adjustment.* 

Misfiring. 

Readjust. 

A^ibraior points pitte*!.* 

Mi<firing. 

Clean. 

Defective condenser 

No spark. 

Send to maker for rc* 

Defective winding 

lutirs. 
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Puor cun tad at witch. 

Broken internal winiiK. 

* BnoMter or siariJits roiN only. 


nrKWT 

imnIririU .'iiivwlim*. 
Itri»krii ]>hi^ wire 

llmkfii timer wire. 

]lr4»krri nvnii Ivittcrv wire. 
Bmkeii iKitIvri KroniKt wire 
llrnkcn tii;iKiu*ln i£r<K(iii) wire 
Omfed iiisnliilkm aiuwlidc 
Sliiirt cirmit .rnywlk'n* 


Mistiniiir. 

Tighten. 

N«» spark. 

Replace. 

Ignition coils have no vibrator. 

WIBINli 

THOURI F CAti^Fn 

MFMEIIV 

k1 isliriiig 

TiKhIdi 

1 bii* rvlimlrr will iuk 

ki'tilacc*. 

flfV. 

No s|Mrk. 

kc|il;ii*4*. 

No S|Kllk. 

Kcpiair. 

I'JigiiK* ivill tu»i vinp 

Nrplarc, 

XI isfiriiiK* 

Insiilaic- 


Carburet ion System Faults Summarized 

.\fiitor StaUs Kortf or ll'iU Xo/ Sturt 

No Gusolinr in 'I'ank. 

No (iusoline in t*:ir1iiirelor 
1'unk Sluil'OlT Closed. 

Filler Screen. 

Fiicf Sujiply Fipc 
(nisolino l.cvel Tom Lmw. 

Grtsolino T,cvc1 'I'mm ( FloMdin;'). 

licnt or Stock Float I.over. 

I.,oose or Defoclive Inlet Maiiifnhl. 

Defective Inltl ManifoUl Fackiiur, 

Not Ivnon^jh (iasoline at Jet. 

Cvliiulers Flooded Willi (ias. 

Fuel Snakc<l Cork F'loal (C unses Floodinjr). 

Water in Carlmrctor Spray No/.zle. 

Dirt in Float Chaniber. 

Ga.s Mixture Tiki Lean. 

Carburetor Frozen (Winter Only). 

^folt^r .S7rt/*N* in I’h(/hl 

Gasoline Shitl-OF Valve Jarred <*U*sed, 

Gasoline Supply I’ipe i'lo^^cd. 

No Gasoline in Tank. 

Spray Nozzle Stopiieil Up Willi Dirt. 

Water in Spra^* Nozzle. 

Air l.ock in Ga.soline Pipe. 

Broken Air Line or Leaky Tank (Pres.Hiire Feed System Only), 
Fuel Supply Pipe Partially or Wholly Clojf^ed. 

Air Vent in Tank Filler Cap Slo|>|>ed Up (Gravity Kee<l System). 
Float Nectlle \’alve Stuck. 

Water or Dirt in Spray Nozzle. 

Mixture Adjusting NeefUe Jarred l.tMise (Rotary Motors Only). 



ENGINK THUUHU-:S SL MMAKIZK!) yil 

tiel Filter Screen Clnfi^'ed with Dirt or Trap Filled with Water, 
cc in Fuel Lines (Winter Only). 

Icc In Air Intake. (Wnilcr Oniv.) 

Motor Rmccs, Will \ot Throttle Ihwo 

\ir Leak in Inlet Piinnj;. 

Air Leak 'riirongh Inlet \*alse (iiiitics. 

1 ontrol Rods Uroken. Tlinittle Stuck Ojhui. 
hefcclive Induction I’ipe Joints. 

(.eaky Carburetor Flange Packing. 

Tlirottle N<»t Closing, Stuck Control. 

IWr Slow Speed Adjustment. 


Motor 1/;A^*rr\\ 

Carburetor Float Chamber Celtmg Mrs 
Water or Dirt in (lasnlim*. 
l*oor Gasoline Adjuslmeiil ilsbilan Muiiirs) 
Xot Knongh Gasoline in h'loat Chamber 
Ttio Much Gasoline. Carlmreli<r FliKKlmg. 
Incorrect Jet or Clu»ke. 


Xot.ty <)f*rrotiott 


liicorrccllv Tnuetl Inlet \al\es 
• 

Inlet Valves Not Seating. 
Defective Inlet Valve Springs. 
Dirt Under Inlet \'al\e Seat. 
Mixture N(jt HxpbMiing RegiilarL 
b'xhanst Valves Sticking 
Uirt Under Exhaust Valve Seat. 


Po|i]niig or lllon ing Pack in Carburetor. 


• MiilHer or iMauifoM Exptosunis. 






CHAPTER XXVII 

INSTALLING, OPERATING AND REPAIR OF LIBERTY MOTORS 

Uapacking—EniSne Bed^Water Piping—Oil Piping—CatoUne Piping—Controla— 
PropeUcr Moun^g—Pitch of PropeUer—Preparing Engine for Service—Fill Cool- 
iftg Syitem—Fill Oiling System—Properties of Oils—Instructions f« Starting 
Engine—Cold Weather Suggestions—Liberty Engine Troubles—Periodic Inspec* 
tion—Overhaul and Repair—Electrical Equipment—Generator—Switch—Distribu- 
tor^High Tension Wiring—Electrical System Inspection Procedure—Voltage 
Regulator—Ignition Switch—Preparing Battery for Service—Water Outlet Hsad> 
crs—Camshaft Housing Units—Lower Camshaft Drive Shafts—Generator Driving 
Shaft Alaembly—Liberty 12 Oiling System—Oil Pump—Cooling System—Dis¬ 
assembling and Inspection—Water Pump Bevel Driver—Cylinder Assembly-Re¬ 
move the Valves—Dismounting Pistons—Rings—Connecting Rods—Crankshaft 
—Removing Propeller Hub—Pitting Propeller Hul^Crankcase—To Assemble the 
Engine—Crankcase Lower Half—Pistons and Cylinder^Outlet Headers—Car¬ 
buretors—Timing Engine—Tappet Cap and Firing Point—Synchronising Break¬ 
ers—Water Inlet Manifofd^Oil Pump Assembly—Crankcase Breathers—Testing 
—Summary of Clearances. 

Each oriifinal ca>e coiiiaiiic^l one «)iic nil one air 

uiic battery, Uh*] mil with (fKils, tme lachotneler with shaft am! con¬ 
nection. one box of spare parts for electrical cipiijimenl. one instruction 
Imok aiul variijus spare engine pans, ^astelle<l on the insicle of the remov¬ 
able end of tlie case will be found a list of nil these ])arts. 

Unpacking.—Remove all lag screws thmiigh f^ides and ends of case as 
"liown at Fig. 437 A. 2. Heniove wood screws fnim marked end of case. 
3, Take out this end of the ca.^c and remove the acces.sories. 4. The engine, 
with the benches or .skids to which it is bnltetl, may now be drawn ont <if the 
Mf>cn end of the case tni t<' the as at Fig. 4.37 II. Take <iul the bolls 
by means of wdiich tbe engine is faslened to the skids and hoist the engine 
with a rope sling arranged as shown in Fig. 4.37 (*. Sec that the rope is 
jiushed snugly hack against llie crankcase at the liinnp end aiul is passed 
on the outside of generator and throttle shaft and inside of altitude control 
rod. Block out the rojH? at the jiropcller end of the engine with a piece of 
wood two inchc.s by four inches si) that it will clear the oil pipes. Use a 
rope long enough to make a sling <if about the length shown 

Engine Bed.—The engine supporting members slioultl be not less than 
14j(i inches iiisific to iiisi<Ic. The engine is held down by means of fourteen 
^ inch bolls spaced as .sh<iwn in the Installation Diagram. Fig. 438. These 
bolts should be providotl with liberal washers umler the heatls and the nuts 
should be ca.stellalcd bir cotlcrpins or lock wires. 

Sufficient radiator area should be pmvidrrl to hold the water tempera¬ 
ture at not to excecil 2t)0 degrees Fahrenheit w ilh the radiator set in the 
propeller draft. The radiator -shouhl be fitted with adjustable shutters or 
an equivalent method of maintaining the pro|>er water temperature in cold 
weather or at high altitudes. The water leuipcralurc .shi>uld not be allowed 
to become lower than UiO degrees Fahrenheit or carburet ion will be affected 
and burned exhaust valves result. 
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Water Piping.—All water pipinj? from radiator to engine and engine i i 
radiator should have an inside diainclcr of not less than inches and u 
outside dtainctcr (jf two inches. The piping should he metal hent to a sha;^ 
which will permit easy hends o{ the greatest iKissihIc radiu.s. All unuecc 
sary bends should he avoided. Air pockets should he avoided, but shou! t 
the installation Ije such that an air pf)cket is unavoidable, a vent cock shoul i 
he fitted at the highest point. The metal tuhiiig should he of such a lengii. 
that, where it is attached lo the engine, and radiat<»r. hy means of ruhhi i 
ho.se connections, ixd ni(»rc than one-half of an inch of ruf>her hose will Iv 
exposed to the water. The einis of the tithing (»ver which the hose connn 
tions are slipt>cd. slumhl lie corrugated. Hose connections should he tapc>l 
and sludlacked over the tape. Hose clamps shonhl he hent to fit snugh 
over the .^lieflackcd tape and should he drawn upiuily tightly enough to ]>ir* 
vent leaks. 



Fig, 437D.—Views of Liberty-12 Engine After Removal from Pecking Caie. 


Oil Piping.—'Phe instructions for the installaluni of water piping a[>ply 
also to the oil piping except that special hose connections should be used 
so made that the inside layer is fahne instead of rubber, 'fhe surface ex¬ 
posed lo the <iil hot ween the ends of the tubing should not exceed tiiu- 
(luarler of an inch in length. 

Gasoline Piping.—Should be antiealetl copper tubing. This tubing to 
be of not les.s than inch inside diameter from the tank to the T between 
the carburetors. A gasoline strainer or trap with a flow capacity of not 
less than 50 gallons per hour should l>e installeil between the gasoline 
tank and the T. From this T to each carburetor the inside diameter of the 
tubing should he not less than %2 inch. Piping should be clipped to the 
fuselage in such a manner as to reduce vibration to a minimum. Where 
it is fastened to two adjacent members, one rigid and one free to vibrate, 
or to two members which have a different period of vibration, a rubber hos<‘ 
connection should be interi>ose<l. This hose connection should be special 
and so made as to present a fabric surface to contact with the gasoline 
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The ends of the copper ttihinj; ia be connected by niCAiis of the rubber hose 
should not be farther apart than <mc-(|iiartcr of an inch. Air j»rcssure pip¬ 
ing should he anneale<l ci>])|>cr Uiit Ics'i than “pi inch iii'^idc diameter 

and installed in the same manner as the gasoline piling. 

Spark, Throttle and Altitude Adjustment Controls.—Distributors and 
carburetors are so mounted that all control conneolions arc iinulc at the 
ilistrihutor end ()f the engine ami the installation i.s such that motion at right 
angles to the center line of the engine is re<|uired to operate them. 

The spark control re<juires l->(; inches iiioiii>ii. I'lie ihnuilc cinitn*! re- 
<inires \% inches motion. The altitude control rcipnre'' Ijs inches motion. 
ICach control should he provi<le<l with a ralehet working over a ttnUhed 
vector to hold it in any desired posititMi. .Ml contnds Niionid >V(>rk freely 
nud. at llie same lime, perinil a niiiiiniinn of lost motion. 



Fig. 438.—IntUlUlion Drawing Showing Spacing cl Liberty Engine Hold-Down Bolta. 

Electric Wiring. All low teii'^ion wire sliould be No. 14 straiide*! cable 
fnr (listaiucs ..f leii fi-cl .ir lcs«.. ..r Nn 10 for .lislaiiccs ii|> U. 25 feet, well 
insulalerl with ni1>l.iT ninl l.raMl. Wire sIkhiM lu- olipiH-d to tlic fiiselaRC 
at close intervals. aii«l slioiiUI l>e t;ii.e.l an.l sliellackc.l uiulvr the i-lii>s and 
wherever exiioscd U* oil. All terminal nuts shotilil he castellated .and cotter 
iniined or scrcwe.l «lown on lock washers. The l.attcry sl.onld he clanii.cd 
ripidly in place in the fnselanc. A l.atUry of t'''<a>i'’ capacity than the 
standard one .specified—part No WI7—should not he cmnecled to the 
ttenerator or damane to the ncncralor will result. The primary wiring is 

clearlv shown in diatTrain at J-'iy. 439. 

Tachometer Drive.—Tachometer i.s to I.e driven from a worm shaft 
incorporated in the hast of the Kencralor and parallel with the crankshaft, 
An angle adapter is pr«.vidcd which w ill |«Tmit niiiiiinff the Hexihle lacho- 
meter drive shaft at riglit angles to the craiiksliaft, if it is deeme.l advisable. 
The speed of this drive shaft is one-half crankshaft speeil, 

Air Pump and Gun Synchroniaer.- Provision is made for inoimling a 
mechanically driven air pump on the di.strihnlor end of the engine crank¬ 
case and driving it by means of a splined shaft fitting into the crankshaft 
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Fiff. 439.*^WIrinf Dia^am Showing Connection oi Low«Tenrion Wiring of 

Liberty Engine Ignition System. 
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^ear. An extension of this shaft carries a double adjustable cam designed 
o operate a machine gruiv The over-all lenjjih of the unit is six inches, 
jt will be installed hy the plane manufacturer. 

Propeller Mounting.—l.iberty “12“ engines require a propeller which 
mil permit a grouml sjiccd cd not less than L5ai rpin. and a flying speed 
• d 1.6.S0 to 1,700 r.p.m. 1 he prof>eller should nol be more than nine feet in 
diaineter. The blades should ht nine inches or less in width and should 
narrow clown at the lliis. If a ni»se radiaior is employed, that part of the 
lilade which swings in front of llic radiat«»r should he <lcsigucd with no 
<qTectiYC pilch. The drawing at Fig. 4ltJ shows a Ivjdcal design working 
drawing of a projjellcr snilahle to ahsurh the p<m*er of the I.ihorly engine. 

Track of Propeller.—In numnling propellers, great care shonhl be taken 
that both blades rotate in the same plane. This is termed the “track*' of the 
pro])Cller and may be checked as shoun in b’lg. 441 A. Measure the dis- 
lance from the c<lgc of one blade to some iKed point on the jdanc. This 
iiicasnremenl should be made in a line jaarnlhd uitb the cenler line of the 
crankshaft. Now turn the jinipcller through 1J<I degrees **r <nie-half revidn- 
til at and measure the other blade m the same manner ami the same <1istance 
from the eentcr. The variation should not cscecrl )h inch. The t>n»pellcr 
can be trucil upas to track by shiinining between the hub ilang^e ami propel¬ 
ler with paper, brass shim slock. <ir, in extreme cases, by dressing off the 
face of the prcqiellcr where it come.s in contact with the bub flange. 

Pitch of Propeller.—'I'be pitch of both blades should be rheckerl with a 
tmitraelor ami level as .slio\> n iu b'lg. 441 B. Both blades should be checked 
at the same distance from the center of ibe pro)K*ller, <»r about twfolhir*ls 
of the distance from cenler lit tit». The dilVerenee in pilch between the 
two bla<lcs must not exceed inch iu nine tnehes, Variation in pitch can 
bp corrected in the same manner as error in track, i.e.. by sbimming nr by 
dressing (*ff the jirojicllcr. The flttiug of Ibe tiro))ellcr bub. and method 
of removing it are dealt with later. 

Preparing Engine for Service.—While every possible precaution was 
taken by the builders at the factory U* insure Liberty engines being pro])- 
erly assembled, the Innnan element, wliich is not infallible, iini'^t alway.s be 
ninsidered, llierefore: Inspect all visible boll.s and nuts, See that they are 
l»ropcrly drawn up and .securely locked. Inspect propeller mounting. See 
ihuthub flange Ixjlts are properly drawn np and securely lockerl. See that 
the retaining nut and lock nut arc drawn up light ami be sure that the 
Umgtie of the bick wire passes through both. Check pilch and track of 
l>ropeUcr. Inspect lhr<»lllc and spark control.s. See that throttles of both 
carburetor assemblies arc synchronized. See that ihroille contnd at jWlot’s 
seat permits full throttle opening. Sec that spark ctmlnd at ]>(lot’s seat 
permits the .specific range of advance ami retard at the distributor. (Ten 
degrees after dead center—retarded, and 30 degrees l>eforc dead center- 
advanced). 

Check lappet gap. With the cylinder set on the firing point, the gap 
between the inlet valve lappets and the valve .stems sliould be ,014 inch 
to ,016 inch and between the exhaust valve tapj>els and valve stems should 
be .019 inch to .021 inch. Inspect all electrical connections. See that all 
wire terminals are i>roperly sohlercd, clean and firmly attached at the dis- 


'EngtneSKh.C c CenferLine of Pdinis'B 



Fig. 44C.—Working Drawing of a Wood Propeller Suitable for Liberty Engine, 400 Horsepower. Showing Dimensions and Sections of 

Blades at Various Stations. 















919 


LIBERTY KIKITIOX SYSTEM 

rihutors, generators, battery, switch and voltage regulator. All wire tcr- 
ninal nuts should be cotter ]>innc<l or screwed down on lock washers. See 
tliat all wires are properly insulated and sn|>i>ortcd at close intervals in a 
nanner that the insulation will not be abraded. 

Inspect Ignition System.—Note whether or not the mark i>n the dis* 
iributor assembly base coincides with the corresponding mark on the cam* 
•*haft housing flange. Reni<»ve distributor head assembly by unscrewing 
iwn composition nuts “IV* and releasing four spring clips “A*' as shown 
ill Fig. 442. Check each breaker individually by turning engine over until 
i»rcaker is wide o})cu and testing “gap*' (width of <>|>ening) by means of 
thickness gauge marked “distributor CJintucls** attucbc<l l<» <listnbutor 
>\ rench, Gai> should be .010 inch to .01.^ inch. The middle circuit breaker 
must ojicii before the two iiiain brcaker*i for normal dirccliou td rotation 
and should not close too so<in after they o|K‘n, Check this point by turning 
ifu? engine over until one of the narrow lobes of ilie cam is directly under 
ihe block (d the middle breaker arm when (lie umin breakers sbouhl be just 
''[icning. C'hcck timing of inie iiuiin breaker on each distril>uU»r assembly 
with an eight volt lamjj and buttery or with an idectric l<irch. Check syn- 
rhniiuzation of two distributor a.Hsemblies. (*heek inshlc of tiistributor 
covers by wiping wtih .soft clean cloth moistened uilh alcohol or gasoline— 
ilry carefully. 

Replace covers so that terminal marke<l 1L is just to the left of the red 
mark on the a.ssembly bases—.s]>ark re(ar(ie<l. Wilh the engine set un the 
tiring p<unt of No. IL cylinder: in other \M»r<ls. with the No. 1 crank set 
ten degrees past the conijircsskin dead center, the carbon brn.sli in the end 
u{ the distrilnitiir rotor should l>ear on the brass conlact inarke<l 11. on the 
<listrihutor head. Remove the sparkplugs and iusj»ecl curefnlly for defec¬ 
tive or broken porcelain. The eleclrcHle should be tigdit in the insulator 
and the insulator should Ihj iimporly gaskeled and <lravvn up tightly to pre¬ 
vent ga.s leakage. J lot gas blowing through a jdiig w ill overheat ami rcn<ler 
it inoperative. A sjiarkplug which has been used and has given .sati.sfactory 
service i.s always safer than a new ping, therefore. <io not discard spark- 
idiigs simply because they have been used, unless it is known |)ositivcly 
that they are defective. Defects in sparkplugs will be most apparent when 
the plugs are hot. Check sparkplug “gap**—should be .015 inch to .018 
inch. A gauge is provided marked •‘sparkplug*’ on the distributor wrench. 
C lean plugs—use a stifT brush and gasoline. Replace plugs—being careful 
that gasket is in place an<l that ping is drawn down tightly on it. 

Trace out high tension wires fr<«n the distributors and be sure that 
each plug is connected to the correspondingly marker! tenniiial on the dis¬ 
tributor. Plugs on the side of the cylinders toward the propeller arc con¬ 
nected to the loft hand distrdmtor. Plugs on the opposite side of the cyl- 
imlers are connected to the fight hand distributor as shown in diagram 
at Fig. 443. Order <d firing—Slamling al the distributor end of the engine 
and looking toward tlic propeller, the groups of cylinders arc designated 
as ‘T.eft” and **Right*‘ respectively and are nutnlwred 1. 2. 3. 4. 5 and 6 
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beginning at the distributor end. The order of firing is as follows: 

1 2 3 4 5 6 7 8 9 10 n 12 

IL 6R 5L 2li 3L 4R 6L IR 2L 5R 41- 3R 

Fill the gasoline system. Gasoline of the following specificatinus i 
reconvmci)dc<l: Specific gravity—5K to 65 Uauine. Initial Ixuling ptiiiu- 



5rv W Prof rate/or 
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Itadrna 
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Pif. 441.~Drawinf at A Shows Method of Teotinc Liberty Propeller for Track. The 
Um of Bevel Protractor for Tettiof the Pitch of the Blades li Shown at B. 
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102 degrees Fahrenheit—not higher than 120 degrees Fahrenheit. Final 
iK.iling point—350 dep^ccs Fahrenheit. In filling the lank, pour the gaso¬ 
line thrr^ugh a chamois skin to free it from water and iminiritics. but in 
doing so, make sure that the side of the ftinnel makes a firm crmtact with 
ihc .side of the gasoline tank. Gasoline anci chamois, when hr<mght into 
contact, form slnltc electricity which may cause a sj>ark unless the funnel 
Is grounded to the tank. Anoihcr inethiMl is to use a funnel with a very 
fine ine.sh brass wire screen. The chamtn.s fdters out ftneign matter the 
wire mesh will allow to pass through it. * 

Pump up pressure on gasoline tank with hand ininiii until gauge shows 
three txmiuls. It is advi.sahle to flush out the gasoline line on a new instab 
lalion which is being fiUetl ft>r the first time. The g:»snlinc pi|>e8 should 
have been left discemnected at the carburetor end until after filling the 
lank. The line may be wa.shed out by turning on the stop ci>ck at the tank 
and.allowing a small (|uaiility of gasoline ti> run through. (Unmeet pipes, 
and, with gasoline shut-olT cock npeu—Inspect all pipiug and cimnections 
carefully for leaks. Ins)wet gasoline strainer for leaks. Be .sure that car- 
liurelor float chamber fill.^ j>ro|aTly ami that carlniretor docs not flood. 
Tu detenninc wdiether or not the carburetor fliml chamber is full, unscrew 


the cap over the needle valve. If the clnunber is full the ticcdle will be 
down uu its scat and cannot be deiires^ed further. If ihi.s needle can be 
pressetl down, it w'ould indicate either a stoppage in the ]n]>e or insufficient 
jiressure in the tank. Close gasidiiie sbul-olV ccK*k. 

Fill the Cooling System.—U^e water which is as free frinn lime and 
niher imptirities as it is iiossible to i»btaiu. It is assumed that the dircc* 
lions given t)rc\iously for the iustalluluni of llic coedmg syKlein have been 
earefiilly folbnved and lhat the tnping is free from air pockets. Should 
ihcre be an una>oidablc air |>ocket in the line, o)>en the air vent cock which 
should be provided at this (Kiini. ancI allmv it t(» remain open during tlie 
l>rocess of filling until water flows freely from it. ICxamiiic the radiator, 
l»ump, water jackets, inping and all ctmneciioiis carefully to be sure that 
(here are no leaks in the ciKiUng system. 

Fill Oiling System.—Lubricating cul of the following j>roperlieR is rc- 
commen<led: Classilicaliim—High specific gravity oils:—1*iiis class includes 
all oils having a specific gravity alswe 0.‘MU) (nr below 24 degrees Ibiume 
conversion by the Tagliabuc Manual, 9th edition, or below 23.85 degrees 
llaumc conversion by the Bureau of Slaivlards conversion table, t’ircnlar 
No. 57) and having a |Mmr lest l>clo\v fifteen degrees Kahrenhcil. J.ow 
specific gravity (dls;—I'liis class inrhules all oils having a siiecific gravity 
below 0.9100 (or above 24 degrees Baume Conversion by the Tagliabuc 
Manual. 9lb editi»m, or afiose 2,1.85 degrees Banine conversion by the 
Bureau of Standard.s* conversion table. Circular N<». 57) and having a pour 
test above fifteen degrees Fahrenheit. (Tested by the metlnxl of the Amer¬ 
ican Society for Tc.sting Material.s.) 

Physical Properties and Testa.—The oil iiuist be made from pure, highly 
refined petroleum products, and must be suitable in every w'ay for the entire 
lubrication of stationary cylinder aircraft engines o)jerating nmler all con¬ 
ditions. The oil must be neutral in action and must not sluiw ihc presence 
of moisture, siilphonale.s. soap, resin, or tarry constituents which would 
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indicate adulteration or lack of proper refining. 

The viscosity of the oil. when tested in a Sayholt Universal Visc<)« 
meter at 212 <lcgrces Kahrenheii. shall be as follows: 

High specific gravity oil .70 seconds to 75 second* 

Low .specific gravity oil.seconds to '50 second- 

Potir Test:—The oil must pass Ihe'fnilowing pour lest: 

High specific gravity oil .. .not over 15 degrees Fahrenhcn 

J.ow .sjiecific gravity oil .not over -W) degrees Ealirenhcii 

Flash Point:—The oil must have a flash p<dnt over 550 degrees Fahrcn 
heit in a Cleveland open cup. Carbon :—'1'he oil must not sht»w a carl ion 
residue of over 1.5 per cent by the Coiiradson method. The carbon slumn 
must be loose and flaky and must break up easily in the crucible. Emnlsion 
Test:—One ounce of oil shall l>e placed in a standard four-ounce sanipU' 
bottle with one ounce of distilled water. The mixture shall be healed tn 
a temperature of 18() degrees Fahrenheit, and then shaken vigorously for 
five minutes. After standing for one hour, the nil must be clear and of the 
same color as before the test. All td the water must have settled and appear 
only slightly clomly. All tests must be umdc in nreordanre with inetl)n<|i 
adopted by the American Society for Testing Materials. Detailed dcscriji- 
tions of the Conra<lson Carbon Test and the Pour Test have been reprinted 
in Signal Ci>rps S]>ecifications No. 3.525. which will be furnished on aj>plU a- 
lion to the War Department. Physical properties and tests to be clctcr* 
minc<l as follows: Gravity. Ilatune. at 60 <legrc<*s I'uhrcnhcit. Flash, Cleve¬ 
land open cup. Fire, Cleveland open cup. Viscosity, Sayboll Universal 
Vi.scosimetcr. at 1(K1, 130. and 212 tlegrees Kalirenheit. Pour Te.st, Amer- 
icuu Society for Testing Materials' incthcKl. Carbon, Conrad^CJn method. 
Color, l,.ovilmnd. 

Remove plug No. 161 on side of oil pump housing during the proces.s of 
filling the reservoir and allow it to remain out until oil flows from it. Do 
not fill oil reservoir more than tbrcc-i|uarters full. Fill oil piping with oil 
in the following niamuT: Incline engine so that pnijHdIer end is slightly 
higher than distributor end. Uemove plug which closes <jne ciul of oil dis¬ 
tributor pi])e an<l fill this pipe with oil. Remove plugs in the camsliaft 
housing cover plates nearest the propeller and i>our about a i>inl of oil into 
each one. The alnwe precaution will insure delivery of nil to the bearings 
imnie<liately the engine is .started. 

See that Ignition Sw itches are in “OFF*' position. Tiy compression of 
each cylinder separately by cranking the engine over slowly by means of 
the propeller and ‘‘rocking*’ it up to each compression ]M>iiit. Any weak 
cylinders can readily be detected, either by the decrcase<l re.si.stance to 
cranking or by the hissing stmiul due to a leaking valve or 5park|>lug* 
I-ocatc the weak cylimler in the following manner; Crank the engine over 
again, meanwhile watching the No. 61^ exhaust valve. When this valve 
is wide open the piston in No. cylinder will be coming up on its com- 
pression stroke and just behire the valve ch>ses No. II,. will have reached 
its point of highest comprc.ssion or top dead center. Now start from thi.‘ 
jKJint and crank the engine slowly past each conjpression period at the same 
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imc calling off the niiiiihcrs of the cylimlcr.s in ihcir order of firing until 
he weak one is reached Vor the causes of loss of compression see inslruc- 
oons to follow. It sometimes happens than an engine will sh(nv uneven 
compression when cold hut will he all right at running temperature, so thal 
ft is not advisable to assiitne that anything is radically wrong with it until 
it has been warmed tij) and the compressimi tcste<l again. 

Instructions for Starting Engine;—Befi^rc starting a new engine or one 
which has stood idle for some lime, it is advisable to inject n .‘small quantity 
of lubricating <iil (about tmt-hnlf ounce) Ibrough a sparkplug bole in each 
cylinder, With the ignition switches “(Xr.’’ turn the i)r<ij>cllcr forward 
through five or six revolutions tc» distribute the <m 1 over the cylimlcr walls. 
Block wheels securely. Set throttle just slightly in other words, at 
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Fif. 442.^1 Uustratioiti Showing Construction of the Liberty Bngine Diitributor Head. 
View at the Left Shows the Diitributor Head Aiaembly Removed to Show Breaker 
Cam Arrangement. View at Right ia a Longitudinal Sectional Elevation. 


a point which will run the engine at f'lOO to 8(Y) r.p.m. Set spark at fully 
retarded po.Hiliou. The ignition system for Lihcrty cngiiics Is so dc.signed 
as to abstdntely prevent the pro<lnctiou of a spark when turned backward, 
n<jr will the engine “kick back*' if it should happen to “rock“ after cranking. 
However, it is essential that the spark be retarded when cranking. 

Prime engine by injccliug a small ([uaiitily (fill ])riniiug cock twice) of 
gasoline through each ])riuiing c<K'k- In cold weather it will he necessary 
to prime the engine a htlle more heavily than in warm weather. It is bet¬ 
ter. however, to insufficiently prime it than lo prime it too heavily. With 
the ignition switch still “Oir* turn engine forward two revolutions. Turn 
one (either one) ignition switch “on** and start engine by pulling steadily 
down on the prcjindler blade and at the same lime away from it, The 
switch is so designed that, with Intih switches turned “on * the generator is 
connwted in. which will result in a rather high rale u( discharge from the 
battery and possible difficulty in starling. Both switches should be turned 
‘‘on** however, as stnm as the engine is running. 
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As soon as the engine is started» advance the spark about half wa 
leaving the throttle at approximately the starting position, and allow tl 
engine to run at idling speed (a1>out 800 r.p.m.) for hve to ten minutes « 
until it is thoroughly warmed up. At the same time test crankcase tciii 
t>cratiire with your hand. The crankcase should he warm by the time tlv 
temperature of the water has increased to 150 degrees Fahrenheit. Ai 
celeratc and slow down the engine occasionally to throw the oil up into i\\r 
cylinders. In extremely cold weather it is possible that the cooling walei 
might w arm up more rapidly than the lubricating oil. In this case it woiilii 
he advisable to sto]) the engine for a few minutes in order to allow the hcai 
from the cylinders to travel <io\vn Ut the crankcase. In the meantime noiv 
the oil gauge pressure. After about three minutes running, at 600 to 
r.p.m. this should show above five ponmls pressure, and at 1/00 r.p.m. up 
in 50 jHiunds inaxiinuni. h'ailure to show ihe.«<c pressures may be <lne \t> 
dirt on the relief valve scat. The gauge will show higher pressures wlicu 
the engine is first started and is cold than after it has thoroughly \vanue<) 
up. Examine all oil piping for leaks. 

Note air pressure gauge. T\\q cngine-<lrivcn air pump wdth its regulalm, 
is designed to hold the pressure on the gastdinc tank at aj)])roximnte]y 
three pounds. In order to determine whether or not the pump is functiriu* 
ing )>roj)orly, screw down the pressure regulatt»r n<ljusting screw. Thi> 
should cause the ]>rcssiirc in the tank to rise if the pump is operating as it 
should. Now screw the regulator adjustment up until the pressure is held 
steadily at three to four p<mnds. Note water circulation. Tcmpcralurr 
gauge should show a steady rise up to not to exceetl 200 dcgJces baltrcuhvii. 
The most eflicienl temperature will vary with the w'cathcr conditions, but 
will average alxml IHO degrees Fahrenheit, 

Note ammeter reading. At idling speeds the nmmcler needle w ill stand 
on the "Discharge** side id ztiui. At about 65<1 r.p.m , with both switches 
"on.** the needle will staml at zero and at high speeds il should stand on 
the "Charge** side of zero. When the engine is well warmed up, the throt¬ 
tle may be opened wide (wheels blocked) and the .s]ieed of the engine note<l 
Tachimieter should show I..550 to r.i).m. on the ground. 0)>cralion 

of each ignition head should be tested .setmratcly by shutting off first one 
switch and then the other. 1*hc engine .should show the same r.p.m, in 
each case. With the throttle w ide open, whether the engine is running on 
one or both sets will make very little difTcrcnce in the .speed (j)ossihly ten 
or fifteen r.p.m.). At lower speeds (000 to 800 r.i>.m.) the clTcct will be 
more apparent. 

Before stopping the engine, throttle it down to iilling st^eed for a minute 
or two, then turn the ignition switches to “off** aud at the same time open 
the throttle wide. Uiicning the throttle will “choke * the engine and cause 
it to stop immediately. Allowing the throttle to remain in the idling 
tion may permit an overheated plug or iiarticlc of carbon to fire the engine 
spasmodically for some lime after the ignition is cut ofT. Do not attempt to 
crank an engine immediately after il ha.s been slopped. An overheated 
plug or incandescent particle of carbon might cause pre-ignition and a diS' 
astrous back kick. Allow it to cool off for a few minutes. 
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Cold Weather Suggestions.—1. Ins|)ecl tlic engine carefully as j>revi- 
aisly instructed. 2. Put three gallons u( hot hthricaling oil into the engine 
crankcase. Oil should he heated m an o])cn lop container set into Koiling 
uater. 3. Put a sufheient quantity of hoi oil uit(» the oil reservoir so that 
(lie reservoir will be about two-thirds full after the three gallons placed in 
I ho crankcase have been jmnijicd hack into it. 4. Remus c tin* vent plug 
111 the side of the oil puniji body so that the hot oil may run in Iti iiriinc the 
(lUmp. 5. Fill the cooling system with iMuling water. Soft water should 
l^c used wherever available. Do not use any anii«frcoze tircparaiions cxccjit 
(hose containing alcohol only. 6. Prime the engine and >tart at slow speed 
with the thrtdtle partially closed. 7. Acedcrale ami slow flown the engine 
occasionally to thr<»vv the oil up ‘u\U* the eylmrlcrs Run the engine oi. ilie 
ground until the oil has been thoroughly ihstrihutcd as imhcalcil by the 


DIAGRAM SHOWING FIRING ORDER 

terr CYLINDERS RIGHT CTLINOERS 


ptcrr OlTT .•!. pnoRELLER END '* ® 



Fig. 443.—Diagrams Showing Firing Order of Liberty-12 Aviation Engine. 

action of the nil t»ressure gauge and a nnifonn tenipcrainrc of the engine. 
This period need not he eontmuons and if jhissiblc engines shouM he alter¬ 
nately run for a few nimutes, stoiqu'd for five minutes and then restarted. 
S. Do not attempt to get off the gronncl until water lenijitraturc is at least 
160 degrees Fahrcnheil. 

If the uiachiiic is ind to leave the ground at once, the engine should not 
he allowed to remain slathmary for more than ten minutes at a lime as it 
will get cold again. After finishing a lest or Hight, drain all oil and water 
before the engine ha.s had an opjMirtunity to c<hi\ off. Plug No. 2511 and 
sump cover No. should he removed to <lraiu the oil from the engine. 
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A ])lug of the same number (No. 250) is provided in the bottom of the wai*: 
pump for the purpose of draining the water. If the engine is installed 
a tractor, this plug will be the lowest point in the cooling system. If tli 
engine is installed as a jmsher. the tail of the machine should be raised utUu 
the propeller end of the engine is higher than the distributor end in ordn 
to alU)w all of the water to drain olT. StJarkplugs should be removed froui 
the engine and kc])t in a w.irm ])lacc if the engine is to stand idle over-niglu 
(jr ft>r any consulcrabic period. 

Liberty Engine Trouble.—The diagnosing of gasoline-engine trouhleN 
is largely a mailer of experience on account nf the fact that a symptom 
may be due to any one of a miinber of causes. A correct c< mi elusion c?in 
only be arrived at by a pnK'css <»f climinutioii. Tlie dilTcrcnt causc.s, as set 
forth in the table v^)licll follows, have been arranged in the onlcr in which 
they iiKisl fre*|uenlly occur. Try one thing at a time, %’ind in the orrU*r 
given in the table. Once the trouble is located the rcmc<ly should be ob¬ 
vious. It is essential tliat atiy troubles be reuie<lic<l immediately they arc 
located, <nhcrwisc serums damage or the entire failure of the engine ma> 
result. If engine cannot be tunuul over under reasonable pressure; 

1. Examine water pntnp for ice. 2. JCxannnc gears for obstruction. 

If engine fails to .start, it may be due to any one <if the following eauses. 

1. Luck of gasoline. Examine Tank. Ivxumiiic SInit-olT Cock, i^xamiiic 


Trap. ICxaininc rii»ing. ICxamine Hose CiMincctiotis. ICxatniiie 
C*arbiiretor Float Valve. 

2. Primed too hca\ ily (K<it:Ue engine back\Nurds ten or twelve revolu¬ 
tions to clear cylinders of gas,) 

3. Insufficiently primed. 

4. 'I'll rut tic t<io wide 

5. Throttle not <»pcned wide cnongh. 
t). Water in carburetor. 

7. IbiUcry nut up to full strength. 

8. Lo<ise connection at battery. ssMlrh, di.slributor. 
y. llruken wire. 

10. Dirt or moisture on uutshle or in.sidc of distributor. 


11. Wires improperly connected. 

12. Ignition incorrectly tuned. 

13. Air leaks in intake manifold. 

14. Valves improperly timed. 

If engine stops—1-6-8-y-IO al>ove, or 1. Throttle control loosened up 
or disconnected. 2. Overliealed. If ciignne misses hnik f(»r the fullow'ing: 
Loss of conij)rcsslon due to valve slicking or valve seat caked with carhon 
or tappet iinproi^erly adjii.sted. Valve may be warjicd or valve spring 
broken. The cylinder of piston scored or rings broken or sticking. 

If engine fails to develop power look for insufficient throttle opening, 
insufficient spark advance, insufficient gasoline supply. Thi.s may be due 
to piping or stop-cock ca|xicity Um small. Obstruction in |>i]Mngr Obstruc¬ 
tion ill trap. Ga.sidinc tank “air lK>und“—if gravity or vacuum system- 
insufficient pressure—if pressure feed system. Obstruction in one or more 
jets. Impn»|>er carburetor adju.stment. One or more cylinders missing hre 
Engine lAcrhcatcd. Air leaks in intake manifold. Obstruction in tarlm- 
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retor intake. Water in gasoline. ExccsRive carlKm tlej»tisilR. Poor gastilii^e. 
Weak battery or defective generalnr nr an altitude valve imprci^HTlv set 
will also cause loss of power, as will Imck pressure due to exhaust inaiiifuhl 
nr pipes of insufTlcicnl ca|K7i ilv. 

If engine overheats check the following r 1. lusnflicicnt water. 2. In¬ 
sufficient radiator area or capacity. 3. Water pij*c> too small. 4. Obstruc¬ 
tion in water piping or radiator. 5. Failure water puiiiiv r». Tnsulhcicnt 
nil. 7. Failure of oiling sysleiii. 8. Tmproper carhiirctiir adjusttnent. 0. 
ICxcessivc carbon. 


Periodical Inspection .—To insure Liberty engines rendering 1 lie maxi¬ 
mum .Rcrvice they must be inspected claily fir at least after every five bonrs 
nf flight. Jt is advisable that these iu<jK*clMms be svsiematicrilh* carried 
nut and that the insjieclor fir si|ua<l bireman be jirovidecj with a form cover¬ 
ing the pfiints .set forth in the following instrnclums. instiectiirs sltouhl be 
instructed to rigidly adhere to this form and check the flifTerent items off 
as they are attende<l to. 

1. Feel all bearings—sec that tbey arc not overbeatcfl. 

2. Sec tlmt pTOjiellcr luib bolts arc tight and |•^lpc^ly colter pinned or 
wired. Tt is Oflvisablc. after every long flight (five hours') to lake 
the cotter t>ins or kick wires out of these bolls and vlraw them up as 
nincb as possible. New cotters f»r lock wires sbould then be httcil. 

3. Check pilcli and track of jiro|)cller. 

4. Sec that pro|>ellcr huh is clravvn uji snugly on sh.ift. 

5. Be sure lliat |)ro|idler huh mits are securely lockcfl. 

6. See that all other visible bolls and mils arc tight and iiro|)erly locked. 

7. F.xaminc all valve spriug.s carefully. 

8. Sf|nirl a little light oil through the valve s|»riiigs onto each valve stem. 

9. Examine throttle, spark un<l altitude arljn^tment contnds. He sure 
that they work freely, permit full ihniw t»f throttles and flislrilmlors 
th.'it have not hecoine exces.sivety 1ik»sc. 

10. Test all cylinders for coinjiressiou as ]>revionsly iiistriiclefl. 

11. Trv rocker arms—thev should all he frre when tin* \:ilve< wliivh they 


operate are sealed. 

12. Check lap|>ct gap of all valves—jilstoii at Tiring pninl. 

13. Check valve liming with timing flisc. 

14. Examine rarliator. watei piping, pump, water i.arkets and all connec¬ 
tions for leak.s of the cooling syMein 

15. Fill cooling .svsleni. Note—If (emiieratnrc is helow fieezing* folkm* 
cold weather instniclions. 

16. J'.xaminc tank.s. trap, piping ami all c<»ntu cti<ms for leak*^. 

17. Drain water traji. 

18. Fill gasoline tank. 

19. Drain oiling system by taking out plug in bottom cover f»f Imdy. 

20. Remove rear pninji cfiver plate which will release oil innnii scieen. 

21. Clean screen thfirfuighly wilh a brush and gasoline. 

22. Replace screen and rover plate using a new gnskrt if the old one was 
damaged in removing cover. 

23. Examine reservoir, cooler and all piping nnd coniiections for leaks. 

24. Oil thrust bearing. 
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25. Replace all hose connections, either for water, oil or ^soHne, whir’i 

show any of deterioration. 

26. Examine all electrical connections at generator, regulator, swilcl 
battery and <lis(ril>utor to see that they are clean and tight. 

27. Examine all wiring to see that insulation has not hecome ahradtii 
anr] tliat no wires are in contact with metal parts of the engine. 

28. Clean distributors as instructed. 

2^K Oil generator and tachometer drive. 

50. Kxainino plugs for cracked or loose p(»rcdains. This should prefer 
ably be deme immediately after the engine is and while tin 

plugs arc Iml. 

31. Check c<jnlacl breaker clearance and examine contact points. 

32. Check timing of ignition and synchronization of tlislribulors. 

Caution r^Leave the ignition switches and the gasoline shut-off cock 

in the position. If the switches are left “on," the battery will dis¬ 

charge through the ignition system and generator and it will be necessary 
to either recharge or replace it before the engine can be started again. With 
both switches turned off, the ammeter needle should stand approximately 
at zero. 

Overhaul and Repair.—.AfUr ivriuls runging from ICX) io I.SO hours run. 
every l.il»crty engine slumld undergo :t Uu»rough iiisjiectiun ami in ordiu 
that this limy be done pro|HTly il shoitl<l be taken out <»f the plane and com* 
|de 1 rly clisassemble<l. 

U. .S. A. Siantlanlizcd engines arc made of a coinbinatirm of iinil> 
nr as.''Ctnblics and the units, in turn, of a numbcT c*f sub-as^emhlics. Jn 
the ijistructiems which follow, the various units are <lescri)ied iii the order 
in which they shoiihl be <lisiiioitnte(1. It will be foinid that time and space 
cun be save<l unci confti.‘»ioti of jiarts avt»idcd if each assembly be tiisas- 
seiubled. inspected and oNerhanled as it is disnumnted. The suh-asscmbly 
shcuthl then be assembled and laid to one side milil .such ttnie as the whole 
engine i.s ro:i<l> to reassemble. The coiiibming of the snb-as.semblies into 
a coni|»lete engine is outlined in proper secjiicnce. 

Shorter and belter melhods of haiKlIing the w*ork may be developed, but, 
in the main. Ihe plan outlined here wdll be found most satisfactory. A 
bench or other suilalde jdacc on which jiarls and Usds may be laid out 
shoithl be |>rovi<]ed. The mechanic should form the habit of laying out his 
tools in a dermite order so that the one desired may be readily reached. 
Have a bucket of kerosene handy in which jiarts may be washed. Waste 
should not be used for wiping ]iarts. Thrca<ls or lint are likely to stick to 
the surfaces and eventually find their way into oil passages. Pieces of clean 
cloth or rags arc preferable. Nnl.s such as those used to hold tlie cylinders 
down on the crankcase slumld be .screwed on to their proper studs after 
disassembling—“Uol only Xo jirolcct the stuils but to avoid confusion in 
reassembling, (\jtler pins and lock wires which have been badly bent 
should not be used again, as a .straightened wire or pin is a|>t to break in 
service. 

Great care should be taken to prevent picce-s of cotter pins, lock wire, 
chips or any small parts frcmi falling into the crankcase or any part of the 
engine. They might \vi)rk into the gears or oil passages and cause consider- 
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:ihle damage. Have an oil can, full of clean oil. handy at all limes. Oil all 
hearing .surfaces before asseniblinq. Oil all parts winch arc i>rcss or drive 
lit. Oil all bolt and stud threads. Exhaust manifold .studs should be greased 
with a graphite paste. 

Each step in the process of assembling should bo finished as the work 
jirngrcsses. Do not leave a boll Umisc nr a nnl no! colleri'fl with tlic i<lea 
of coming hack to it later on. Never "slack or 1 <m>scii a mil in order 
In line up the notch In the mit with the cidter i>ln Inde nt the bolt i>r slnd. 
If it cannot he tightened still fiirllur \Mih reasonrihle elTnrl, in order to 
bring the next notch in line, replace it with anolhcr nut All sub-assemblies, 
as they arc ovcrbaiiletl and pul together, sbonid be ooercrl to protect them 
from dust aiicl flirt. lUniieiiihiT that faibirc to j»roperlv alleud to the small¬ 
est cletail of Inspection f»r assembling may result in tlic failure of the engine 
and the plane which carries it and perhaps tlu* loss of one or more human 
lives, not to mention the lt>ss <if a vnluahle airphane. 

The following tools arc necessarv : t'aiivas tool roll. Ptsloii jdn drift 
pin, Handle for T shape<l socket w renches - ten inches. Handle for T 
>lia|icd socket wreticlics—luebe iiiche.s. Ilamllr h»r T shaiied socket 
urrnclies—eight indies. Socket wrench Cfiiubmalicm for ‘l\ti and inch. 
Crankcase lower half stnd mil wiench Double end open wrench* ji and 
Vi II ilicih Double end o]icn wrctich^Ct inch, (.‘urbiirclor wrench. 

Cohl chisel. C<nier )nn tmllcr Distnhiitor urcnch. t onitiinati<ni phers. 
bicycle wrench. Six-inch jdiers, shle-cntling Hammer one )»ouml. Ail- 
pistabic sjianncr wrench. Sfwket wrench shajied, inch assembly. 
!*>l>arkjdug wreiicb. knu-hifle bamnicr. \’al\e spring compressor assem- 
hly. Kight-inch adjtistahle open end uieiich-HMie inch o])cn. Thickness 
gauge. 3^ inch (,CX)2 inch to .til.'5 liiclu. thi and grease gun. Valve grind- 
Mig tool. Valve grinding Cfmipomnl. Scraper. Screwilriver—large (fonr- 
teen-inch scpiare shank). Six-mch mill tile linfl pm. Dimblc cod socket 
wrench. L .shaped—inch. Double einl M«.*kel wrench, sluijied— 
mch. Double end s<Kket wrench. 1. .shapeil i ineh. Doi.ble end socket 
wrench, ]. shapefi—V hi inch. Double i*\n'U end wrench for cainsliafi driv¬ 
ing shaft and geiuTator driving shaft mils. I’ropeller Imh lock mil wrench. 
Propeller hub rciaming nut wrench. Screwdn\ er—small (six inchesj. 
Tniiiiig ilisc. Tiiinng disc pointer. 

Electrical Equipment.—'Khc ignition system use<l on Liberty 12 aero 
engines is known as the (icncralor-llaltery t>|H*. J’hc s\ stem compiises 
two indepeiulcnt breaker an<l di.stnbiit«»r niecliaiiisins or heads, idcniical 
in every respect and each <*ne firing all twelve cyliiiflcrs. 'I'bcsc distnbu- 
tors are supplied with eleclric.al energy from two b<mrccs. h'or starting and 
for idling speed ui* to fi50 rp.m., current is drawn from a specially con¬ 
structed four cell or eight \i>h sUirage hailcry. The battery is very light 
and carries very little lu|ui<l or electrohle f barely eiKmgh to fill a hydrom¬ 
eter syringe besides what is absorbefl by the jdates and separators). 
Nevertheless it has sufficient capacity to ignite the engine at full specrl for 
three hours. It is so constructed that, even though it be turned upside 
down, it will still continue to function properly. 
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Generator.—In addition to the battery, a positively driven generator i*. 
provided, so geared that it runs at one and one^half times crankshaft speed 
As stated above, electrical energy for starting and idling speeds is supplie<l 
by the battery. As the engine speed is increased, the generator ‘‘builds up ‘ 
and its output grows greater until, at about 650 r.p.m. the generator voltage 
equals that of the battery. The maximum generator output exceeds tlu* 
requirements for ignition so that, at speeds above 650 r.p.m. the direction 
of /li»w of current i.s reversed and the excess output of the generator goes 
lo recharge the battery. The rate at uhich the battery will he recharged 
will depend ii|i<ui the condition of the battery. With an almost discharged 
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PiS> 444.—Th« Liberty Engine Generator Removed from the Motor. 


battery the rale will be about ten anii)eres but will diminish as the battery 
voltage rises until the battery is complclely charged, when the charging 
rale will be just sufllcieul to maintain it in a properly cbargctl condition. 
The generator is shown at Fig. 444 removed from the engine and witli 
brush cover taken off to expose the coin imitator. 

The generator is controlled by a “voltage regulator** which prevents the 
output exceeding a prcdelennincd figure. In view of this fact, the generator 
wiU supply current for ignition indefinitely, without the battery, so long 
as the engine speed is not allowed to drop below 500 r.p.m. It is not possi¬ 
ble to crank the engine fast enough to start it on the generator, however. 

Switch.—A duplex ignition switch i.s iirovided which wdll permit cither 
one or both distributors lieiiig liirued ‘*oii.'* This switch, which is shown 
at Fig. 445, is st> coustrncled that either set of ignition alone can be used 
without connecting in the generator. In starting, only one side should be 
used as. with both switches “on," the generator is connected to the bat¬ 
tery. Under these conditions the di.schargc from the battery through 
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the generator before the engine is started wonUl be an excessive drain 
nil the battery. It is essential that Imth switches Ik* •Nm*' at all flying sjHvds. 
bcnvevcr. Ihc ignitum switch has an ainntclor incnquiraled in it and this 
ammeter should he watched occasionally as it itidicalcs the amount of cur¬ 
rent flowing to or front tlie storage battery. If the aimiu-ler sliows a <lis- 
rharge at any speed above 650 to 700 riun. with both switches “on/* It 
is an indication that .s<nnelhing is wrong with the generaUir circuit, and 
dial all electrical energy is being sn|ijdie<l by the storage battery. If the 
nnnncler stands at zero nntlcr the same conditions it imlicales that the 
viorage battery is iu»t receiving u charge, bnl that tbc ignition is being 
carried by the generator. 

Distributors.^IVi rcinrn tn the distrilnilors—-the circuit l»rcaker niech- 
aiii.sm for each head is idriiheal with that used in any higli grailc magneto 
with two exceptions, us follows: Two main circuit breakers, couuecteil 
111 parallel, are provide«| iusteail of one. Tlie two breakers arc limed to 
operate sinmltaneously and are pnoided in duplicate as a precuutioiiarv 
measure. An auxiliary circuit breaker, llie function of which is in prevent 
the pro<]uction of a .spark when the engine is turned Imckward nr "rtH'kcd'* 
is uImi provided, Tins auxiliary breaker is coiiiiix-ttsl in isirallel willi the other 
two through a resistance unit which reduces the amount of current (lowing 
ibrongh it. The breaker is so timed that »t <»pens slightly Iwforo the other 
tw'o when the engine is lurne<l in a forward ilirection. 'rhe ojiening of llic 
main breakers then results in the prodmtion of a spark. When the engine 
IS turned in a backw*anl clirection ilie two mam breakers o]»en first anil no 
spark is produced <lue to the fact that the current continues li^ fltov thrimgh 
(he coil through the auxiliary breaker but in dinunislicd ipiantity ilne to 
the resistance unit. Ily the time the circuit is opene<l at the auxiliary 
breaker the intensity o{ the magnetic firl<l of the coil has w*cakened to .such 
an extent that no spark is iirtnluceil. A liaiisfonncr coil is ineorjioraled in 
the Bakelite cover of each di.stribtitor hea<l as .shown at Fig. 442. 

Advantages. —The advantages winch this type of igintum is .said to 
present over the magmeto system are: I. Masy starling—a spark of greater 
intensity is produced at cranking s|jeed than at dying sjieeil. 2, Reliabil¬ 
ity—two <lisliiicl distributor mechanisms, each one igiiiling all twelve cyl¬ 
inders through scjiarate sjiarkplugs, etich distrihulor heafi being lilted willi 
I wo sets of lireakcr arms and contact points. Two dtsiincl sources of elec- 
Irical energy—battery and generator. 3. Safety—tbc auxiliary breakers 
inevent the i>ossibilily of a “back kick.*’ 4. Great range of spark liming 
control—a .spark of the same intensity is pnxiuced whether a«lvance<l or 
retarded. S. Ability of the i>ilot to delermine whether the electrical ecpiip- 
inent is functioning properly throngli the medium of the ammeter. 6. Sini- 
pHcity—distributor heads are driven direct from the camshafts without the 
use of gears and extra shafts. 7. Long life—the distributor heads run at 
slow speed (one-half crankshaft sjweil) hence the wear will be slight. 8. 
As the distributor and breaker are advanced and retarded together, they 
are always properly timed with relation to one another. Consequently 
there is no possibility of pre-ignition due to the high tension current being 
carried to the wrung ping. 9. The spark is h<it and of short cluraiion so 
that no “track** tronlde is ex|*crirneecl. With the magnetic the high tension 
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impulse tapers ofT gradually and a spark is drawn out by the rotor brush 
after it has left the distributor segment. 

High Tension Wiring.—niscnnnect all high tension cables from tli« 
sparkplug.s. Remove the screws which huUl the cable lube clips in placi 
Kclea.se four clips and uiiMTew two composition nuts on each Jistrihuini 
head. The distrihuior head, cables and the cable tube may now be lificil 



Fig. 44S.-«-Vlew Showing Construction of the Switch Used in the Liberty Motor 

Ignition System. 

off together. They should he handled carefully to prevent any possibility 
of breaking the distributor covers and damage to the cables. 

Examine these cables carefully, especially at any points where they may 
be bent sharply or where they may come in contact with any metal parts. 
See that the insulation is intact and that the terminals are firmly attached. 
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[‘.xaminc inside surface of distributor cover and particularly the contact 
segments and the path of the rotor brush. The surface should be smooth 
and free from scores or scratches Wipe out any carbon dust carefully 
with a soft cloth moistened with alcohol or j^asolinc. 

Examine the distrihuh^r shaft for lost iiuition between the distributor 
driving flange and the driver. Tbi^ sluuiUI not be more lliaii enough to 
allow about Ym inch motion at the end of the roli»r arm. Distributor 
base:—Disconnect the cross reach between llie two <hslrlbutor assemblies 
and take out holts from the <listnlMilor base flanges. This will jiennil the 
distributor base assemblies to be taken off. 

Check the gap of each breaker with a tbickness gauge. This can best 
be done with the breaker Idjick on the wide lobe of the cam. The gap for 
all three breakers shouhl be from .01 (J inch to .013 inch. Kxamme the 
condition of the contact points. Hiese {mints should be bright and iti case 
they have beciiine pitted to any extent. ihe> can he smoolhe<l dfiwn on 
an oil .stone, 'riiey are \ciy bard and it udf be imt>c»ssiblc ti» (ilc lUcni. 
F.xamine the ndiber bnlYeis agaill'll which the breaker aim springs bear. 
These rubber luilTers arc viilcaniye<l to the breaker arm and in case they 
have deteriorated to any extent cine U> contact uith oil. the whole breaker 
arm .assembly should be replacerl h.Nainme the breaker arm springs. Jle 
sure they have not begun t*» crack avouml the slotted lit»le through which 
they are bolted to the bn*^ bar. 'J'he tension i>f the spring on the auxiliary 
or middle breaker shoulif be from sixteen to twenty ounces when the con¬ 
tact is o])en. 'J'he leiision <mi the iiiaiii breaker arm springs should be from 
28 to 30 ounces, when the contact is open. 

Examine the rcsislanre unit through which the current passe.s lo the 
middle breaker. The coils of this resisUiiee mi it sin add be separatee! 
throughout the length uf the irnil If the coils of vesisluiicc wire come in 
contact with one .another, the total resistance of the unit will be decreased 
and the ]>roper functioning of the middle breaker will be impaired. Ex¬ 
amine the condition of the face of the cam. This should n<»t sIhjw excessive 
\vear an<l should be nicely burnished I'lxamine the condition <»f the fiber 
blocks which bear agamst the cam smiace. The fiber shouhl extciid ap¬ 
proximately %-i inch !icy<*iid the inelal am! should .show a smooth bearing 
surface. 

Look at Die carbon brush in the end of ilie rotor arm. If the brush has 
worn down lo such .an exteiil that it is Ics.s than inch long, a new brush 
shtmld be fittc<l. In imlluig in the new brush and spring, jiress the lirush 
into place in the rotor arm with a small punch as far as possible. This 
will projicrly seat the sirring and will prevent the brush from extending 
too far out uf the gnule. The rotor brush is a special rompiisition and 
requires no lubrication. 

Examine the b.all-bearings which carry the distributor camshaft for 
radial and lateral lost motion. Tins should be only barely jicrceplible. If 
it is deemed advisable lo replace one or Imth of these bearings, the rotor 
arm should be reniove<l by taking out the screw I) (see I'lg 442). The 
shaft may now be driven uiit thrijugh the cam. This should be done with 
a small punch which will permit the key to remain in the cam. In rcassem- 
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hhng the disiribuior the bearings should l)€ packed with vaseline and th< 
felt washer with which each cam is filled should be thorou^ly saturaUv 
with a jjond liphl oil. This <»il will work out thrnugfh the small holes drillc.' 
in the face of the cam and will properly luliricate the contact arm block** 
It is advisable also to put a little vaseline or thin grease on the’ outsidr 
surface of the cam. The .studs on which tlie contact arms are mounter) 
should also he oiled, lie sure that the contact ]>oints are properly adjustcti 
and that the l<K'k nuts are drawn up .snugly. 

The transf<jrnier coil i.s hnill into the di.strihulor hrmslng cover. All 
cnnncclitnis arc luatlc inside and the whole is covercil by a fiber plate which 
is sealed in place. It i.s not advisable to rciucwc this cover i»latc for au> 
purju^so wliat.socvcr. In replacing the rotor arm be sure that the dr we 
pin in the cam pro|>crly enters the tn the arm Tnforniation as to tini 
ing and adjusting the <listributor assemblies will be (iiund under the hea<l 
ing of timing- 

To disnioiinl the gcueratiir remove the ftmr nuts which will permit the 
gerxTator to lie lifted oJt id the engine base. ICsamine the condition of ihr 
splines or keys on the b»wcr eml of the shaft. 'J'hesc should not show undue 
wear. The tachometer drive assembly complete can he removed by screw¬ 
ing otit ibe bearing a.ssembly. iSee b*ig. 444 ) 'l*hrs mil periuit the worm 
gear shaft to be withdrawn. The worm gear and the bronze bushings in 
which the shaft runs slu>ul<l now be eNaminc<i as to tbeir condition. They 
should be free from bad cuts or scores. Itefore inserting the shaft again in 
the hearing, the recess between the twii hush ing s should be filled with 
vaseline or (Jther light grease. Remove the cap from the upper end of the 
generator by taking'ofT ibe two tenninal nuts. 

Examine the condttitm of the commutator ami brushes. In case the 
commutator is l>urncd or rough ii slumld be fHilislicfl with a very fine piece 
of saiidpai»er. 'rhe best ]>ossiblc condilum nf the coiuimitator is shown 
when it takes the form of a bluish poli.sh. which «^hoiih] not be mistaken for 
a burned commutator. When the commutator caiTics a blue polish on it. 
it should be allowed to remain this way and <mfy receive an occasional 
wiping off with a s<ift rag. 

In ca.se the commulut(»r is badiv cut or scorc<l. it shmild be turned down 

• 

in a lathe a sufficient amount tfi .smooth it up. 1*be mica should then be 
"undercut.*’ This work slunild only be done by ex|K?riencc<l mechanics. 
If the comniulalor was found U* be scored, the brushes will also be in bad 
condition. 1*Uese brushes are soldered to the brush lioltiers an<l in case of 
a replacement a new brusli holder and hru.sh shoitl<i be fitted. Hrushes 
that have been roughed u|» or new brushe.s slunild he sainted \o fit <m the 
commutator by wrapping a strip of very fine sandpaper at least half way 
around the commutator and drawing through under one brush at a lime. 
This will form the hrusli to the curvature (»f the commutator. It is essen¬ 
tial that the brushes projierly fit the commutator and the work should only 
be dtme by an cxficrieiiced mechanic. 

Examine the wire leading from the field coils to the generator terminal 
and its connectuni with this terminul Any dirt or excess oil should be 
wiped off before replacing the cap. The ball-bearing on the upper end of 
the generator shaft can he lubricated ihnnigh the oil cup in the cap. This 
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hearing should receive a few droj>s of oil after every long flight, hut should 
not be lubricated excessively as the oil is likely to run down c»vit lh? com¬ 
mutator. 

Voltage Regulator.—This device consists of an iron core on uhich arc 
wound three c<»ils» the cuimections of which are shown on the circuit dia- 
gram. Fig. 440. The frame of the regulator carries a pivoted armature 
tilted with adjuslahlc rontacl }>oijits ul »)iie end. The contact |>oints are 
normally held together l.y an adjuslal.le spring 



Pig. 446.—Circuit Diagram for Liberty Motor Ignition Syitem. 


The funciion of the vedmuc trgnlnlor is in fircvrnl the generator from 
delivering more than a pre-di'lenunied supply of electricily. 'I'he regulator 
will need pructically no atlentiou with the cvceptiiiii of an occasional check- 
iug up of the contact se]iura 1 u»n and the length of the brass jdii set into 
the opiHisite end nf the aniialiirr. Thi- pm sluuitd extend from .04.1 inch 
to .045 inch above tbe surface of the armature. When tlie armature is 
l>resse<l <)own *•»» that this pin bears aguuisi the end of the Ciirc the gap 
between the contact tH»iiil.s slnmUl be fnuii .^V)5 inch 1o U)7 inch. If the 
contacts arc burneil or pilleil lliey n*ri\ be siiuMUhecI down with an oil 
stone. The lensimj of tlie adjusting spring should not be altered excejJt by 
an expert and witb the aid of proiwi iiistrnnicnls. Sec that all terminals are 
clean and tight. 

Ignition Switch.—The igtiilion switch should be inspected each time the 
engine i.s taken out of the plane for overhaul mg. 1‘wo resistance units are 
mminted on the back of the igniMim switch. 1‘hesc units should be exam¬ 
ined to see that the coils do not roiiir in contact with one another. If this 
should liaiipcii the total resistance <»f «ich unit wouhl be reduced, which 
would result in the biimiug of the distributor v«aitaei t’oints. It \V(»uld 
also affect the jiroper functioning of the auxiliary contact arm in the dis¬ 
tributor. If these resistance units should burn out entirely, it would shut 
off the ignition. 

The three screws on llic face of the switch should lie removed and the 
switch contacts under the cover examined lo see that they have the proper 
tension and that they are cleati. The ammeter which is part of the sw itch 
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assembly should require no attention. In case the pointer sticks the in 
strument should he replaced, as it is very important that the ammetc 
should indicate accurately, so that the exact condition of the generatot 
voltage regulator an<l the ignition can he determined. It is advisable tha* 
the replacing of a resistance unit or an ammeter be done only by electrician 
familiar with this work. 

Preparing Battery for Service.—One storage battery (bone dry) waj 
packctl in each engine crate. To prepare this battery for service: 1. Re 
move vent plugs. 2. With syringe pnnided in crate, fill each cell to u 
depth of one inch over haillle plate with electrolyte of 1.255 specific gravitv 
If electrolyte 1.255 specific gravity is not at hand, it can he made h\ 
mixing chemically pure sulphuric acid of 1.835 specific gravity ( 0 (j degrce^ 



Pig. 447.^Illu8tratidn Showing Method of Putting Storage Batteries Used in Liberty 

Aviation Engine Ignition System in Service. 


Ban me) and pure water in the proportion of one part acid to throe part.^ 
water by volume. When nirxiiig ii.se non metal lie ve.sscis and iKiiir the 
acid into the water in a thin stream. Never pour the water into acid. Al¬ 
low the mixture to cool before reading the specific gravity and using. 
3. After fifteen minutes, check to see that electrolyte is one inch above 
baffle plate. If electrolyte is not one inch al>ove baffle plate, additional 
electrolyte should he added. 4, Allow battery to cool for eight hours. 
5. Cliarge Iwllery at sevni-tnUhs (.7) ann»eres for 70 hours, 6. T.ike a lest dis¬ 
charge of iNveiUy amperes from battery for fifteen seconds* each cell voltage 
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to he taken immediately. If each cell 1*4 1.5»5 volts or over (at 80 decrees 
Fahrenheit) with the above current flowing;, ballery is O. K. 7. Allow the 
battery to stand fifteen miniitps. then with syringe inciitM»ncd abnve remove 
surplus electrolyte from each cell doun to baffle plate, battery being in 
upright position. Replace plugs, screwing <hnvn finnly with fingers. The 
battery is now ready for service. 

Flushing.—Battery shonbl be flnshcHl once a week, as follows; Vent 
plug should be renioved anri each cell filled with di-^lilb d waier to a height 
of one liirh above the plate as shown in I'ig. 447 A. allowed to stand for 
a minimum of twi» niinntes (not i»ver five minutes^ and surfdns water taken 
off dow'n lo jilatc with hN<lr.»inelcr >yringe. as .--hiiwii at b'lg. 447 H. 

Charging and Adjusting Gravity.'^Speeifie gravity van be ;nljuMv<l in 
ibe following nianner; 1. lUltery sheniM lie ftiislh-*l. a** cIcm-i'IIksI above. 2 H 
battery Is in a dis<*hafge»l condition, it should be put c»n charge at one am- 
ncre and chargu<l iintil tlie terminal voltage with this current flMwing has 
risen to a niaNimtim, i.e., shows no fiirilier ri'>c for a ticriod of <»ne hour. 
i\'eiit jilu^t should be left out during^ ibis charge.) The baUrry sbould 
I lieu be tip|ied on its side and gravit v taken wflli liy<lroiiieler |»n>vi<led with 
a bent hard rubber lube. He sine t»» retniii electrolvlc In the cell from 

4 

winch It was taken. 

In batteries fully cb.irged. gtaviiy 'should be belw<*en l,2’^0 and 1,310, 
If gravity is not c<»rrecl on taking grav ty readings, battery sbould be liehl 
upside down for fne c^r six minutes and eleclndvte allowed l<» ruu into 
rublier or glass jar. 'j*lu* eleeliolvte rvmoveil sbould be adjusieil to l,.3tX) 
sjiccific grav ity by the addition <»f distilled water. i>r ],4tK) aeul. as the vase 
inav be: then each cell sliouhl be filled w ith this eleclrolvle mini the level i.s 
<nie inch alsive plate. Ualtery should then be allower| to Maud a minimiiiu 
of hve minutes (lud 1111 »re than ten niimiiesi and surplus electrolyte re* 
moved to top i»f jilaie with hvdronieier syringe. l>aHcry in nj»riglil pi^silioii. 
kcidace vent pings, 'fbe avi.*iiniii battery o* sluiwu in eross-sevtum in k'lg. 
447 (!, whiell sh<»ws Willard type SV-13. In thi% eiii the part number of 
each .set»irale part an<l a ke}* list of material giving the name c»f each i»iirl 
IS also given. 

Water Outlet Headers.*— Retiiovc the nuts wbivb bobl the water outlet 
headers in jdace, and lift these headers with tlm extension tithe and the 
two ho.se conneelions <dT- The damps on these hose comiectiniis should 
Se taken off and the hose esamincil U the hose crmncclions show any 
sipjs of dcterioralnnj they should he replannl bef»»re reassemhlingr l.ay 
the fJUtlet header g.iskcls to one .siric where they will not lie flainaged and 
if damaged in any way they tiiu.st l>e replaced when parts are rea.sscrn filed. 

Intake Headers,—Disconnect the water inlet ellKovs by removing the 
cap screws. Remove the intake header nuts and the w.ashers. This will 
permit the intake hcatlers to be dismounted. Examine the gaskets an<l see 
that they do not overlap the 0 )>eniiig.s in the elbc»ws or the holes in the in¬ 
take header. If the gaskets appear In be in good gondii ion, put them back 
on the studs in their foniier position and screw on the urns i»> bcd<l them in 
place. Leave the water connection ellKiws and hose connections attached 

to the cylinders. 
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Camshaft Housing Umts.-^Each of the two asseinhlies consists of j 
camshaft with its bearings an<l gear—the rocker levers—a camshaft hou'* 
ing with its covers and the camshaft drive shaft with its gear» hearing' 
and housings. The assembly also included alt Iwits. nuts, cotter pins anii 
small parts shown at Fig. 44S. All parts of the two assemblies (right an ' 
left) are identical and interchangeable with the exception of the camshaft ^ 
themselves and the camshaft housing covers. Each shaft is stamped wiiii 
a serial number on the soft ])lug in tbc end opposite the flanged ctui 
Right-hand shafts bear the letter R and lcfi*haii<l shafts bear llic letter b. 
The housing covers arc machined in place on the housing and ci>use<|uentl) 
will not interchange. 



Fig. 44S.—The Overhead Valve Operating Gear of the Liberty Aviatiott Engine. 


Disassembling and Inspection.—The follouing instructions apply to 
each of them. 'J‘hc housing assemblies .•should be dismotmted from the 
engine in the following inanncr: 

1. l‘)i>connect oil pipe by unscrewing nut. The conueclKUl No. 8,121 
may then be slippe<l off. Put the two gaskets back iu place and screw 
on the nut No. 8,122. 

2. Unscrew the packing mil and slide it and the felt packing wisher 
up on the hcnising. If the felt washer does not fit .sufficiently tight 
to hold both iu place, tie them so that they will not slip off. 

3. Remove twelve nuts and wa.shers and lav them to one side in the 
order in which they were originally assembled. 

4. The unit may now be lifted off the engine. Raise it carefully and 
evenly so as to avoid risk of bending the .stnd.s. 

5. Put the washers and the nuts back iu place on their projier studs 
w hich project from the to)) of the cylinders. 

6. Examine all rocker lever shafts with respect to the fit in bearings. 
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These shafts shouU] have from OOS inch to .010 inch end play and 
from .001 inch to .0015 inch clearance in hearings, The hearinjf fit 
should he ‘Tree ninniuj^** and ilie radial clearance or shake shouhl 
be barely perceptible. 

7. Remove camshaft lunisinjr cover Indls No. 178. washers Nt>. 112 and 
covers No. 8.095 and Iny thorn to one siile in the order in which they 
were originally as^enihlcd. 

Caution—The joints between the covers and housing are “lapped** 
and the covers are marked to fit in their proper place. Care must be 
exercised in handling these parts so as to avoid marring the surfaces 
which come in contact. 

8. ICxaniine rocker levers. Aw each tai'pot ba.s boon odjnwted as to 
clearance f(»r the pariictdar valve which il oi«*vatew, the rocker levers 
should he laid to one side in the orilei* in which thev were originally 
assembled. 


9. h'xamiue the tappets to sec that thfv are tight ami that the faces 
do not .slnnv undno wear. 

10. Examine the roller'^ to see ilunt ihev an* not cracked. See that the 

« 

rollers are free nniiung aii<l show m» Hal spots. 1'he hearing for ihe 
rollers is a steel thimble which iw a free lit ni the roller. Tins thimble 
is pinclicil light in the ruckcr lever bok by the ]Mn which is riveted 
at assembly in rocker lever. The tienniswilde shake is .0<)1 inch. 
Roller shmibl have .1)10 rncli side ;il.'»v in tlie fork <»f the*rocker lever. 

11. Examine rocker lever beanii;:'. See that thev are clean and show 


no cviilencew of *'scoiing-** .Scored whalts wlmnlil he smoothed np 
with a fine file and sand paper. Hearings .slnmld be trniched up with 
a scrajitT if scratchtnl. 

12, Remove cam shaft. Take <*u\ seven camshaft bearing lock screws 
W'itb their gasket,s. 'riiis will jicrinil the camshaft and six l>earings 
to be withdrawn 1 hrough the gear end of the Imusing. The rear 
bearing niav be pushed out ihrongh the otlier eml of the housing. 
The cam shaft bearings are so fitted that they slumld come out easily. 
Slionhl they slick the four screws No 8.219 and bearing cover plate 
No. 8.,376 may be remove<l and the shaft driven out with a soft drift. 

13. Examine cainsliaft hearings, 'riiese hearings shotild have a clearance 
on the .shaft of frcmi .01)I inch to .003 inch, which means that the 


“.shake** will be just perceptible with an oil film tn the bearing. The 
gear end bearing shi*nUI have an end jday of frfjin .001 inch to .003 
inch between camshaft flanges. All bearings should be clean and 
• free from ‘•.scores.** The sets of camshaft bearings are ‘'stepped.** 
That is, the bearing at the gear end has the greatest ontside diameter. 
The next one is 1:*^ bich smaller; the third bearing is inch smaller 
than the .second, etc. Therefore to f.icllitair reas-.cmbllng. lay the 
hearings out in the order in which they were disas.scmhled and be 
.sure they arc rejdaced hi )iroper positions. 

14. Examine camshaft. See that all bearing .surfaces are bright and 


smooth. Insjiect cams carefully for cracks ami soft siK)ts. 

15. F.xamine camshaft gear. See that the teeth are all intact and do not 
show limine wear. Euless the gear Is defective il shoitld not he 
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necessary to remove it from the shaft. 

16. Remove camshaft upper dri\c shaft. Take off nuts No. 101 and 
washers No. 111. which will permit the removal «if housinjj No. 8.109. 
A paskcl. No. 8.139, I'j, inch thick, will he finind hetwoen the hang^e 
of No. 8,109 and the camshaft housing. (See Fijr. 448.) 

17. Withdraw the drive shaft ancl examine the honrinj; surfaces and the 
bushings in nhicli they run. See that the pear is ti*»ht on the shaft 
an<l that neither the {rear nor the splines at the lower end i>f llie shaft 
show undue w'ear. Should it he neev'^sary U> chun{;e either td the 
camshaft drive shaft hearinirH, the new hushiu^s sliouUI he oiled on 
the outside ancl prcssr<l in carefully under an arbor jjre.ss <n* in a vise. 
They should then he reamed to sire—the upj*er one. No. 8.107. to 
.875 :t .0005 iiirli and the lower one, Ni» 8.0^^2. to I 125 — .0005 inch. 
All parts should he washed in {ravoline nr kerosene and Idowu oiT 
with an air jet. r.sjiecial care should be taken that all cm! passages 
are clear an<l free from dirt. 

Assembling.—1. Fit the cmnsliafts with tlieir hearin{r^ in the camslmft 
liousinifs. If it has been bmiid necessary to replace any of the bearing’s, 
the new ones shotild Ije trietl in their pri»j*er places in the hmisiii^s to see 
that they are what is termed a '‘wrin^rmu** dt. That is. tliey should he free 
ennutrh so that tliey may be turned with a cl rift ti» tine up the lock screw 
hole and still there sliouM be no *‘4iake* |»rrce]>til)le If a new sliaft is to 
he fitted, all beariit^^s should be tried in their proper tdaces <»ii the shaft. 
The diatnelrical clearances slumld be friun .Otil inch to .003 inch. Oil all 
hcariiip surfaces with clean ml before asseinhlintc lie sure that punched 
Iiolcs in gasket No. 8.37*> and end plate Xo. K..37(> line uj) with oil hole in 
hearing No. 12.250, and that screws are wired. Line up the lock screw hole 
carefully ancl tnit the screws in place with their gaskets. If a new shaft 
or new gear is to he fitted he sure that camshaft gear holts No. 171 are in 
place before jnittiiig on bearing No 8.111. No 8.112. In the above case 
leave the gear olT until later on in the jinicess cd assembling the engine. 

2. Put the rocker levers and lionsim* covers in place ancl test each lever 
for free operation. 

3. Screw on the cover No. 8.tlS8 against its gasket No. 160. 

4. Put the camshaft drise shaft (upper) and its housing in place with 
the gasket No. 8,130 between the flanges. The shaft slumld turn freely 
after the housing bolts arc drawn uii and the end play should not exceed 
.008 iiich. If the original gear.s are used, they should he meshed so that 
the markers come in line. Permissible **hack lash" in these gears is .005 
inch to .010 inch. 

Lower Camshaft Drive Shafts—These assenihlics, Xhi. 8.2u8. an; illus¬ 
trated at Fig. 449 and each emhtKlies the fKiris clearly shown in sectional 
view. Take off four nuts No. 101 which will release the cover No. 8,072» 
and permit the assembly i<» he lifted out. Examine gear and spllne<i socket. 
Try end play in bearings. It should not exceed .004 inch. To disa.ssemble, 
remove nut No. 8,142 and draw off gear with guar puller. Caution—Do not 
attempt to drive shaft out through gear. 
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The keys in shaft will not pass Ihc U»wcr hall-Ucarinfj. After 

r|rawing off the gear Ihc keys may l)c lifted (Mit an<! the shaft may then he 
lapped or pressed out through the hearings and sj»acor. The parts <»f lliis 
unit should he assembled in the reverse ortler to the above, care being taken 
that the keys are properly sealed in the shaft an<l that all parts arc drawn 
up snugly hy means id Ihc mu No. H.14i. Note—Unless some part of this 
assembly is defective, it is not advisable or necessary to take it apart. 

Generator Driving Shaft Assembly.—l<etno\e a flat heail screw. This 
will permit the generator drive shaft awnddy. as sIimwii at b'ig. 450, lii he 
lifted out. One <ir more metal slums .tl02 inch thick will be hmnd between 
the hearing container No. 8.154 ami the crankcase, 'riie nninhcr of slums 
will he sufficient to insure the pro]>er mesh of ilic lower yeiicrator ilnvc 
shaft with the crankshaft gear, 'riiey should he lied together arul hung uj' 
or laid t<j one side so that lhe\ w ill not t)e lo>l or daiiiageil. l•Aa 1 uille gears 
for wear. I'.nd play in bearings shoiihl not e\cee<l .IKM inch. Remove* mil 
No. 8.ISI. Ho not alicm|»l to drive shaft out but draw olT gear No, 8,074 
w ith a gear juiller. 'riu' same coiisiniction is eiMjdoved here as in the lower 
camshaft <lrive sliufl assembly and the same caution ajiplies. Keuiovc kevs 
No. IfO an<l <lravv «dT sjiaccr and hearing a'*'Cmbly No. 8.118. Keniove gear 
No. 8.080 nnci ki'vs No. liill. which will i>criml the s|»arer No. H.IV) and 
hearing Nvk H.OtiO to be l.iken olY 

, 'I'lic hearing N<k X.OfitJ is heltl in place in the container N«». 8.154 hy 
means of the lock ring Ni* 8.5J4. If it sluuild he foiiiKl necessary to remove 
this hearing, the lock ring' may he compressed wiili a pair of round mi.sed 
|diers. The t>arts of (Ins ninl should he asMUiibled m the reverse order to 
the above, care being taken that the kevs are proj>er)y se.aled In the shaft, 
and that all jiarts arc ilrawu iii» snugly by means of the mil No. 8.151, shown 
at Fig. 450 Note—Unless some part of this assembly is defective it is not 
advisable to take it apart as it has been carefully inspected as to proper 
alignment of gear teeth. 

Liberty 12 Oiling System. - -f hi .sni«|dy is earned in a reservoir j»r<»vi<icd 
with a suitable mr.ans for ctMdiiig ii. Oil is led fr<»m this reservoir to the 
connection on the right snlc of the od pnmii Iwidy tnarke*! “Oil ln.“ It is 
rdtcretl at this point through u large area line nie<li screen. A delivery 
pump of the gear Ivpc lakes the <h 1 uj* after it has jiassed through the screen 
and delivers it under cmiMderable pre->siire to a distrihultir nijjc running 
the entire length of the crankcase. 0)»cnmg out of the pas.sagc helw'een 
the pump and the <listrihut<»r pijKi is a pressure regulating valve designed 
to maintain a pressure not to e.sceed .^OtMiumls per srptarc inch <m the oiling 
sy.stem, J’ipcs arc fitterl in tin* case leading frmn the distributor pip^. to 
the main crankshaft bushings. 

The crankshaft is hollow and in the center each main hearing a radial 
hole is drilled Ihnnigh the .shaft inlo the hollow center. This hole in the 
shaft registers with the corresiMUiding lude in the hearing hushing once 
every revolution <»f the shaft, at winch lime a small <|mmlil\ of oil is forced 
through into the hollow eraukshafl. A pi'-sage leads fjoiii eacli luillow 
main bearing U> the adjacent craiikpin. which is aUo lioKow. A ra<lial lude 
is also drilled through each crankjnn and carries the oil out on llie surface 
of the pin. Oil grooves and passages in the conned mg rod iHshings insure 
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proper lubrication for both the forked and plain connecting rods. 

The excess oil thrown off the rapidly moving connecting rod ends form 
a mist which lubricates the piston pins and the cylinder walls. Part of th« 
oil conducted to the main crankshaft bearing at the ])ropeller end of thi 
engine goes through a passage around this bearing and up through pipe- 
to the propeller end of the camshaft housings. Fnmi the end of the cam 
shaft housings it is led around the end cam.shaft licaring to a passage driller 
diametrically through the bearing midway of its length. Oucc every rcv(»hi* 
tion of the camshaft a hole drilled through the camshaft into its hollow 
center regi.sters with the oil passage thr<»ugh the hearing. Thus once evcr\ 
revoliilinn a small <|iiantity of oil is forced into the hollow camshaft. 

The oil is led through the cunishafi and out through holes drilled in ii 
to each camshaft hearing. The excess work.s out of the ends of these hear* 
ings and collects in .small reservoirs to a depth <»f about ^ inch. The cams, 
in revolving, dij) into this oil an<l splash it over the cam rollers aud into 
the pockets in the rocker lever shafts. l*Toui Ihcsc |H»ckcts it is led thnmgli 
the hollow rocker shafts to the nicker shaft bearings. The c.hccss i>il eveti* 
tually fuuts its way to the gear end uf the camshaft housings, over tlie gears 
am] dow'n the <lrivc shaft housing inltt a chamber just above the oil puniji 
The excess oil thrown off hi the crankcase hy the connecting nxls collect'' 
in ihi.s same chuiuhcr when the engine is inclined so that the jiropcllcr end 
is high. H the propeller end of the engine is low. this oil collects in a small 
snni]i or chatnhor at ihc propeller end of the crankcase, liuniedialcly above 
the <mI delivery pump is Incalcil an oil return piini]} c<»nsistiug of three gears, 
and driven by the same shaft as the delivery pump, 'j'he function of this 
oil return jiump is to draw the excess oil out of the crankcase and return 
it to the oil reservoir. Oiie*l»alf of this pumi> <lraws oil from the .sump at 
the propeller end of the crankcase and the other half draws oil from the 
sump at the distributor end of the crankcase. Both halves of the puni|> 
deliver oil to the connection <»u the left side <d the oil puni]) body marked 
**Oil Out.*’ from which point it returns to the oil reservoir. 

Oil Pump.—The oil juiinp assembly No. 8.2(X) embodies the parts clearly 
shown in illustration at Fig. 451. Dismount the oil pump assembly from 
the engine by rcniiiving nuts and washers. Then:— 

1. Take out the bolts No. llt». nuts No. 101 and washers No. Ill- This 
will iicrmit the cover No. 8.381 of the oil pump body to be taken oiT 
and will release the oil strainer No. 8.220. 

2. Withdraw the oil pump shaft No. 8.184. Examine the splined eiid.^ 
of this shaft to sec that they d<» not show excessive w'car. 

3. Rend down the ears of the mit lock No. 8.536 and remove the out 
No. 8.535. This will permit the withdrawal of the upper oil pump 
screen. 

4. Remove four bolts No. 118 which \vill permit the upper half of the 
oil pump body No, 8.189 to be removed. This will expose two driven 
gears No. 8.177 aud a driving gear No. 8,187. These gears should 
be examined as to their fit in the housing. This can best he tested 
by inserting the drive shaft through its bearing in the housing and 
laying the gears in the housing in their proper position with their 
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bearing pins No. 8.179 and No 8.383 in place, Tlic diametrical clear- 
* ance of the gears in the hmising should not exceed ,004 inch. The 
permissible end play of the gears in the housing is (X^3 inch. 

S. Lift the separating plate No. 8.188. This cxi>.»sts gears No. 8.178 
and No. 8.186 wluch are pari of the oil <lclivcry t>tun)>. These also 
should be examined as to fit in the hoii.sing. The above clearances 
apply to these gears. 
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Fig. 451.^Liberty Engine Oil Pump and its Parts. 

6. The pressure lelicf valve may he unscrewed and llie valve No. 8,1^2 
and seat No. 8.3t»8 .sliouhl he examined. 

Assembling.—The jiarls should all he \va'«he<l carefully and asscinhied 

the following order: 

a. The driving gear No. 8.18tp aiul the driven gear No 8.178 on its pin 
.No. 8,383. 

b. The separating plate No. 8.188 

c. The driven gear.s No. 8.177 and their jiins and the driving gear No. 
8,187. 

d. The oil pump body n|)per half No. K.180. Note—This part of the oil 
pump housing is located in its proper position by means of two dowel 
pins No. 174. Care should be taken that these pins are in their proper 
places. 

c. The four bolts No. 118 with their washers and nuts may be put in 
place and lightened up and three of the hoU> collerrd 
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f. The pressure relief valve may now be screwed in against its sc,( 
Ni). 8.y)8, l.«)ck wire should be passc<l through the relief valve cai • 
and through the holt No. 118 which was not cottered. 

g. Es])ccial care sh<nil«l be taken that the strainer No. 8^230 is thu, 
oughly clcane<l. It may now be put in place and the cover No. 8,3s; 
bolted on. The gasket No. 8.382 between the oil pump body and ii 
cov er plate should be rejdaced if it has been damaged in any way h 
disassembling. 



Pig. 452.—Water Circulating Pump Used on Liberty Engine, and Its Parts. 


h. Clean the upper screen and put it in place. It will he advisable t(» 
install a new nut lock No. 8,536, which may be bent up to lock tbr 
nut No. 8,535 after it ha.s been projierly screwed down. 

Cooling System.—Cooling water is circulated through the Liberty en¬ 
gine by means (»f a centrifugal i>nmp running at one and one-half times 
engine speed. The capacity oi this inimp is 100 gallon^ per minute at 1,70*1 
r.p.m. The cotding sy.stem from the pump inlet to an<l including the water 
outlet hcatler will h<d<l 5^ gallons of water. The water pump is provide*! 
with a single inlet, the outside diameter of which is two inches, and two 
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.mtlets, each one delivering water Ic a lK-a<ler svii-plyinK ihc riRht and left 
hand cylinders resiicctncly. Water is (i.rced into eacli cylinder jacket tan- 
trent to Its ontside surface. Tliis cnustniciuni pives the water a wliirlinp 
motion inside the jacket and insures miifonn cooling. The cnusUnciion 
i>f Inc pumj) IS clearly sinmn at 452 

The water oiillet inpc for each cvlimler e\icn<ls insulc the jacket to a 
l>(»int very close to the exhaust valve chaniher, which jjuaranlees the jiroper 
coolinjj of the exhaust vahe. 'Die ciwihnj; waiiT ihni jjnes thnmjch a juas- 
cored in the intake headers 'I’hix serves ti» warm ami further vai»ovi/c 
the incoiiiiii^j jjas as well as assist in cvudinj; the water, 'riiesc jiassages in 
the intake headers are coniieeied hy two water outlet headers, the final 
uuticl of which has an outside diameter of two inches. 

Disa$$embling and Inspection.—1 .01 iseii die hose elamik" ami the 
lii»sc (>rr the putiip water inlet comieclum. 

l.ooscn the other hose clamps and remove the water inlet manifohls with 
ihe cylinder ho.se conncelioits and ilie exlrnsmiis with their lM»sr eoiiiiec- 
lioiis. All ndiher hose .slioidd he earefnllv exaMonc'd forilefeels • espeeiallv 
on the inside. It soinetimrs ha|»]»ens that the inside layer of rnhlier wdll 
iiccomc looseite<l ami will wholly or partially o 11 st met the jiassaj;c. 

1. Kcinovc four utils am] wu'^liers from flauj'e. This wdl permit (he 
water ptitiiji to In* dismounted from the etip^inc. 

2. Remove ei^ht nnls No. 10] and Ihe waslieis No. Ill and take olT the 
water ptim|i cover No. 12.0*8 

i. Remove nut No. 8.214 from the end of the water puiiiji shaft and draw 
ofT iinpullcr hy iimaiis of tin* special tool prosiiled. 

4. Now lift out the key No. 130 which wdf imtuoI the water piimiJ shaft 
lo he withdrawn. 

5. ICxoiiiiue the water pump shaft. If this is rusted to such an extent 
that it is very ronj;h it s|irmh| l»e rej»laee<l. I'Xanime key and key se'»t. 

6 . Kxamitie the iiui»eller to .see that it lias not been hen I or dama^;c<i in 
ill any way. 

7. ICxamme iiearinj^ No. 8.U5t>. This should he allowed cud play t<i 
extent of .005 iucli. 


To Reassemble.— 

1. Jhit the pump .sliafl with its hcariu?r iti pl‘'t«*<‘ m coiilanicT No. 

8.(X>0. ll would he a<lvisahle to use new packni« in the paekins hoxes. 
A round rope packing is rei oinineiirhd for tins place, 

imiiregualed with a urajihite jrreaM;. A jnere apj^roMimilcly 8'^ 
inches Itmj; will he rei]Hired for each packntji h<»x. 

2. *0116 piece of this imekiiiK should now lie wrapjH'd arouiul the shaft 
and the j'land No 8.1159 juit in jilace. and jiressed <lo\vii imtil the pack¬ 
ing i.s properly .seateil. 

3. Compress the coil spring No. K.iK^8 and fasten it iii Ihe compressed 
State, on ojiiHvsite sides, hy iiicaus of twine or soft wire. 

4. Now sli|> the sjiring in j>lace 011 the shaft, 

5. Rut on the .wond gland No. 8.n59 ami aiiollicr piece of ihe packing 

No. 8.213. . , 

6 . Water pump hodv No. 12.071 should now he put in place, the key 
No. 159 inserted in the key .scat lu the shaft and the impeller No. 
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12,073 drawn up into place hy means of the nut No. 8214. 

7. The wire or strin^^ holding the spring in the compressed slate ma^ 
now be cut or drawn out. With the water pump body and the bear 
ing container clamped tightly together the shaft and the impellr’ 
.should turn freely. The |>erniissible end play in the water puni) 
shaft is .010 inch. 

8 - Pul the gasket Njk 8.215 in place. This should he replaced if it hrr 
been at nil dnninged in disassembling. 



Double gear membar 


Pig. 453.~The Water Pump Bevelled Driver of Liberty Engines. 

9. Complete the as.sembly hy pulling the water puni]* cover in place 
witli its washers and nuts. Be sure that these arc all evenly drawn 
up and properly cotter pinned. 

Water Pump Bevel Driver,—Remove screw No. 154 shown at Fig. 453. 
This wdll permit the bevel driver and housing assembly to he withdrawn 
through the opening in the bottom of the crankcase which receives the oil 
])ump, Remove the two clamp lioUs Ko, 116. Examine the shaft of the 
i>evel driver and the bushing in which it runs. Roth should be free from 
scores and indications of cutting. Remove any dirt in tlie bushing with 
a scraper. End play of the driver in its bearing should be from .005 inch 
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to .008 inch. Diametrical clearance should he .0015 inch to .0025 inch. ]■ 
assemhlint^ this nnii. the hevel driver should he laid in the housinj^ witt 
the pear with the widest face at the cupped or recessed end of the housinj; 
The two halves of the htnisin^ must he properly put togetlicr also. 

Cylinder Assembly.—Cylinder and valve assemblies may 1>e dismottntei] 
by removinjj the nuts No. 103 and special inns No. 8.224. (See Fig. 454 ^ 
Cylinders should he lifted off carefully and the ]>isiou.s, when released 
should not he altcwved t<» fall over against the sides of the crankcase. A(t<'i 
removing the cylinders the nuts shouhl he put hack ou the studs and 
screwed on just far enough to i>rcveut llieni from being Tlii.s will in»i 
only protect the .^tuds hut will prevent confusion in rcassetnhiing. If siHiu 





Pi^. 4SS.^The Liberty Engine Cylbder and Method of Grinding the Valves. The 
View at A Shows Special Valve Spring Compressing Tool in Use. 


old pieces of h<»sc arc available. shi»rl sections should he slipped over two 
sukIs on ojjposite snlc'' of each cylinder <»pcning. The cyliinler serial mini- 
hers are stamped on the edges of the base flanges. The location of each 
cylinder on the engine (as ‘*1 T.eft** etc.) is also stam]>cd on the base flange. 
If water under pressure of ten pounds is available, each cylinder jacket 
should he tested for leaks. Any small leaks may he repaired hy means of 
an oxy-acetvlene blow pijie. The carbon deposit on the inside of each cyl¬ 
inder should be removed l>y means of soft scra|)«rs. Fxamine the cylinder 
barrels carefully h>r scores or scratches. 

Remove the Valves.—To do this the valves must he held up against 
their seats and the springs roni)»res<i'd siifBcienlly. by means of a valve 
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-pHng compressor supplied in the Uk) 1 kit. as sho>vn at Kij;. 4S5 A, to por- 
•iiit the lower collar i>cinK moved chjwn far enough to uncover the valve 
spring collar keys. These keys (two parts) mav uow he lifted out and the 
'firings and valves removed. The same inside stinng Is used on both intake 
and exhaust valves. The outside .sfiniig may l>v ideoldietl 1>\ the fact that 
ihc exhaust valve spring 1ia< ten coils while the inlet valve .spring has 
twelve coils. Also (he exhaust valve spring exerts a pressure of 2^'/^ 
jiounds when compressed to a length of 2'i inches. 'I'hc \alvcs for each 
cylinder have the cylinder serial number etched on them and are marked 
"Ex’* (exhaust) ami *’ln** (inlet) re'*]H*clivcly. 

Clean the v.alvcs careftdly and if the valve stems are gnmme<l np with 
hunie<l oil they shoultl he dressed duv\u with lim* sancIpafHT. Examine tlic 
valve seals in the cylinder and the face of the vahes which comes in con¬ 
tact with these seats, 'riie \al\ex shtnild he 1esle<l for t:as tigliliies^. I'ltis 
ran best be done liy inverlmg the eOmder with the \alves in jdace ami 
pouring a .small fjitanlily nf (•asolnic m the cylituler. W'alrh for see]>*igc 
around the valve. If Ibe valves show aiiv leak, they sltould be eaiefnlly 
f^round in. The cv Under, for this ojicration. should be held In jiosition by 
means t>( the flange tit the lioilimi. An easdy mark* arraugemrnl for bohliug 
ihc cylinder f<»r valve grinding is shown at h'ig. D. 

Note that in the illnsiralion l-ig -1.^^ C a light spring is inserted nmlcr 
the valve to partially counterbalance the u eight of (lu* toid by means of 
which the valve is turner]. An eDicinil valve grinding tool, as simwn at 
h'ig. 455 IL will be found in the toed kit. In grinding the valve it should 
not be revolved, hut should be rocked backward and for\var<l and fre* 
fjucnlly lifted olT its s< al and its fiosuion «ni the seal changed iu order to 
dislrihutc the abrasive evenly and to jireveiit ".seoring*’ the valve. Valves 
should not be ground any <»flvner than is al»oliilely necessary and then only 
enough to *‘eleaii llie seal. If a valve is pitted <»r warficd 1 o such an 
extent that it is ncressarv t«» grind it heavily, earc .'«hoiild he taken that 
any ridge nr .shoulder formed on the edge of the valve s<’al be dressed down 
with a fine mill file. The abrasive should be carrfuify washcrl otT the valve, 
the seal and the inside <*f llie cylinder. Test .seating of valve with J'russian 
blue. 


Anv valve.s which arc hadly warped should he replueoil ami the valve 
seal in the cylinder .should he trued up with a valve seat reamer before 
grinding in the new valve. Keplaec the v.dvcs, the lower collars, the 
sptings, the tipper collars and the collar keys. 

Dismounting Pistons.—Keimoc the pisUm ]jin retainers hy either one 
of the methods shown in b ig'*. 4.sb \ ) or K. I*ress out the fiiston funs with 
a brass drift sujiplicd in the tcHil kit. The fit of the pi.slon pin in the piston 
should be from a free ruimmg fit without play to a light drive fit. It is 
preferable to have the jnsion pin a free fit in the piston than to have it drive 
out too hard. Clean the carbon dej)osil off from the jiistou head both on 
the top and on the nnder side. The |»olished .surface of ibe loji of the 
piston head .shoukl imt be marred .»r scratched if it cun be avonled. 

Bearing Surface.—b*xatrime the pistmi for seori s. It is very bkely that 
the pistons will show scratches which were eansed during the first run in of 
the engine. It is difiicull to draw a line of disimctnin between what is 
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termed a scratch and a score. A ]nston should not l»e discarded unless tin 
scores extend past the piston rings and seem to be of recent origin and 
appreciable depth. Examine the piston for even l)earing on its outsiiir 
surface. If any jdston shows excessive wear on one side at the bottom an^^ 
not at the top. it is an indication that the connecting r<Kl is twisted or bem 
This rod shmild lie tuggetl and straightened np l>cfi*rc assembling. 

Rings.—Examine the pi.ston rings for even bearing <i\\ the outside sut 
faces. The ring slionM Ih: a free fit in the gnHivcs, and shonld not be 
loose that any shake is imlicoablc against llie .sides of the prstoii lands, lu- 
sped ctmdilHiu n[ ring grooves through the gap as to car!ion deposit. ii 
tlie carliiin i.s s<»ft and not of great stnumnt it may be wi[)ccl out with a 



Low comprcssiori top 
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Fig. 456.—Illustration Showing Method of Handling Liberty Engine Pistons. A— 
Use of Rubber Tubing on Studs to Prevent Marring Piston. B—High*Compression 
Piston has Domed Top. C—Low-Compression Piston has Practically Flat Top. D— 
Method of Removing Ring Pin Lock by Bolts. E—Method of Removing Ring Pin 
with Drift and Hammer. P—How to Remove Piston Rings without Breaking Them. 

rag over a splinter uf wckmI inscrlcil thnnigh the gap in the ring. If the 
amount uf carixm is excessive ami caked hard, the ring .4vould be taken off. 

Exlrcinc care sliould Ik; e.xcrcised in removing the rings which may be 
done a.s shown at Fig. 456 F. They should not be expancicd more than is 
absolutely necessary to jiass them over the top tif the piston. A.s the piston 
material ia comparatively soft, care .should be taken not to mar or scratch 
its outside surface. Ring grooves slnnild lie wijicd out with a soft cloth 
moistened with ga.^olirie, and any carbon caked in these grooves may be 
scraped out with a piece of wood. It is preferable to put back the old rings 
if the wear has not been loo e.xccssivc, than to fit new rings which have not 
been run in. 

In refitting the rings in the grooves the same care should be exercised 
as in removing them in order that the piston surface may not be scratched 
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of marred. The gap belwern the ends nf the r'm^ she mid iu»l less than 
,025 inch when the rmj» is titled in the cylmder. 'Die pistons arc marked 
as to their lucntioii in the 11^. IK. etc. 'riu*si* marks arc stamper! 

Ill the depression on the side of ihc pisiim. hi rcusscinhlini; j»is(«ms on 
rods, the marked sitle should he t*ovar<ls the ihstrilmlor en<l c»f the ciiRinc. 

I he numlier of ounces winch each pislcm weii'hs over ihree inmiids is also 
stamped in this depression. 

If it was fouinl nece**sary lo replace any plsicms, new ones of exactly 
ihc same weijflil should 1 h* selected from stock. Caution—Great care should 
be exercised in handling pistons to prevent them from being subjected to 
any sort of rough usage which would be likely to spring them *'Out of 
round.” Do not allow piston with rings to slip by the counter bore at the 
top of the cylinder. It is almost impossible to compress the rings enough 
to push the piston down again without damaging the surface of the piston 
or the cylinder wall. To apply or remove piston rings, use hack saw blades 
with the teeth ground olT and all the sharp edges rounded so they will not 
cut. 

The hearinu surface mi the pi>lon illnsiniled at \\ I'iir- ■fSrt imlicates 
a licnl or tvvisle<l connerhny nul, \*uie that tlie llen^ie''l hearinj^ is at llic 
tojirii'hl ami Imltnin lefl. 'I lie li^hliT suire.^ are cliar.'u'lenstic of ahnninuin 
pistons. The sln^wii ^l 1 (lnl<l imi U* ooideiimed un acctiuni nf llie^^e 

scores. 

Connecting Rods.—1. .'Xfler tli<’ are all renioM*d fmiir the con¬ 

necting ri«ls then : 

2. "rnrii the crankcaM' «iide up and lake out all the small 1 k»11s 

which fa.steii llie two halves of the crankcaM* li*gclluT. 

3. Lift olT the lM»lt‘>m half id the crankcaM* lienn; careful to raise il 
.steadily and evenly mi as not to sjirnig or Pend the crankshaft hearing holts. 

4. Examine the connecling nnl hearings f»»r sitle play. 'I'lie hushing 
carrieil Uy llie forked iot| shonld !ia>e from .lUtl inch (*> .UiO-inch side play 
on Die crank pm. 'rids may he clu cked w ith a llueknexs gauge, 'hlie plain 
end cminecliiig rtnl should have from .(I0|-iiuh to tMtS-incIi sitle play in 
the forked rod. 

5. KcJntive eiicli iiair of conturting rcMK 1 »y firsl taking t^fT the nuts No. 
13.251 and the cai> of the jilain end nul. iheii take otV mils N«i- 13,220 and 
llie caps fd llie forkeil eml tikI as show'ii al hig. 4:7. 

Nutc r_That llie rajis an<l rmls are cadi iiuinlicrcd al the joinl on <me 

side. The caps shouhl alu.iys Ik* n-idaced on ihe rod witli like minihers 
adjacent. The hu.siiings arc also marketl willi small numhers on tlie flange. 
These numlier.s should always l*e niljaceul and on llie side t>f ihe rot! wiiich 
liears the cap numhers. Kadi cmniecling to<1 is also mimheretT on the weh 
near the piston pin end. The niipcr niimhcr at this poinl iiHlicates the 
serial mimher of the crankshaft to which Ihc tckIs liiive been fitted. The 
lower number indicates the jHisilion of the ro<l in the engine, as 1.2, 3. etc., 
mimlHjring from the di.strihnlor eiul of the engine. 

6. Examine the crank pin Imshing carefully, ft should show a 75 per 
cent licaring free from dirt and send dies or scores. Any dirt or foreign 
matter should he carefiillv scrujic^l out The oiilsidc of the crankinn hush. 
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ing on which the plain end rod Iwars should also )>e carefully examine i 
Any roughness on its surface should 1>c dressed down with a fine 
file. Oil grooves and oil holes she mid l>c rlc<*ined out. 

Figure 458 A shows a perfect surface with a 100 .per cent beariu^* 
Figure 458 B is also a 100 ]>er cent hearing. 'i1ie black spots are aluminiK^^ 
chips imbedded in the babbitt. The pits or depressions in the surface were 
caused by aluminum chips or dirt which have t)ecn wiped off or fallen uu{ 
A bearing in this condition should be very lightly touched up with a scrapci 
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Fig. 457.«Iiibert7 Connecting Rod Anerably and Methods of Checking lor AUgnmeni. 

Figure 458 C shows a gc»od Ijennng surface. The scratches in the vicinity 
of the oil hole were cau.sed by sand or grit carried in by the oil. These 
scratches should 1>c smoothed up with a scra]>er. Figure 458 D is an 
example of cracked Imbbitt. This bearing was evidently fitted too tightl) 
as indicated by the burnished surface just above the center. Excessive 
pressure at this jxnnt has caused the babbitt to “drag’* or “wash** in the 
direction of rotation of the crankshaft. This liearing would prolwbly 1>c 
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-ood for another ts>cnty hours* service in spile of the displaced metal. 

Fitting Connecting Rod Bearings.—If tiic l*cnrin>j has l>cen damaged 
or shows wear to such an extent that it is advisahle to replace it, the new 
bushings should .first he fitted in the forkc«l end nnl. Be sure that the 
hushing seals properly m the rcwl and that the ilovvcl d.»cs not hold it away 
at any point. The c.ijK of ihe f<»rkod end ri»d .shmild he put in place and 
drawn up tightly. l Aainine the joints hrU' ccn the cap and the rod and 
hetwceei the two halves of the hnslungs. Gaps and luishiugs shouhl hear 
cfjually hard at the joints. The hushing sliould then he scraped to a free 
fit on a mandrel .(U inch U» .iXH inch larger than the cranki>in. The cap 
should now he rtuunved and the md tried on the er.inkpln on which it is 
10 run. The ends of ilie hushing should lK^ dn*ssed olT with a fine mill file 
and a sufficient aiuoniil removed to ]«TniU from .Olfhineli to .OiO-inch side 
play. Touch tip the rad ms at eaih end of the htishmg with a serajicr until 
U clears the fillet of ihe» crankpin, 'I'est this jioirit hy coating llic crank 
j>in and cacli fillet lightly with red lead or fVussiau hlue. 

Clamp the rotl willi its hushing t»n the efaiikjjin. Revolve il on the 
crankpin two or ifirec limes, inoanwlule pressings it first l<»\vard one cud 
of the crankpin and then t<iunrd the other end Remove the rotl and care¬ 
fully scrape olT any high spois to uhieh the color has hern transferred, 
it is very essential th.at these Imsliings do not liear oti the fillet. 

7. With the hushing clamped in the frtrked end rorl dress down tlic 
outside surface at the joints with a line mill file nntil they are juTfectly 
smooth. Coal the he.anug surfaces of the plain end rml lightly with red 
lead or Prussian hlue and fit it in place on the hushing. Any high Kjmts 
on the hearing to whieli the color is transferred shcnild he dressed down 
until the plain end roil has .O^X^-inch to .OOfiS-inch diuiuclrical clraraiicc. 
Thc ronndnes.s of the hushing' should meanwhile he tested with inuTom- 
eters. 

To determine the cltnuiclrical clcaraiuc u hii h a coiince(liig‘ro<l licuring 
has. the crankpin and the •mlsdc of the coiinecimg-n«l hushing sliouhl he 
carefully ineasnrc<l with mienunctcrs. ‘riie eomieelnig ro<ls shonhl then he 
clampctl on test mandrels, the diameter of which may readily he dctcniiincil. 
Counccting-rofl hearings sluudd he filled only at repair shops cf|iiippcd with 
a complete set of .such inamlrels. 

8. Examine the hushing at the lop end of the connecting rod. This 
should .show a hurnisfu'^l Ix'aring surface frir from scratches or M*ores. The 
radial clearance c»f this hushing and its jiro|K*r piston pin shonhl lie .(Jtd inch, If 
it has been necessary tr» replace this Imshing, the new ime should he oiled 
on its outside surface ami carefully i>ressc<l uMo ijiace niuleran arhor press 
or in a vise. After )»cing pressed into place il shonhl he reamed with an 
expansion reamer until il has the proper clearance r»ii the piston pin. 

Aligning Connection Rods.—When new hushings arc fitted in a con¬ 
necting rod, or if an in.spcclion of the jiiston wouhl indicate that the con¬ 
necting rod was twisle<l ••r hen I, the nnl should W clitH-ked fr»r alignment in 
the manner shown al I'lg. 457. A snug fitting mandrel should he put 
through the l>caring in each end <d the rod. 1 ‘Iksc mandrels should he 
at least twelve inche.s l<ing. The n»d with the mandrels in jdacc should he 
laid on a surface plate and the mandrels checked ns to whether or not they 
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are ])araUc! and in the same plane. A twisted nr bent rod may be straigli, 
cne<! by clanijiing one end of it in a heavy vise and springing it witli 
special fnrkcd-cnd bending bar. A hhI which has been badly bent ahoul 
not be Used, nor shimid it l>e heated in (»r<ler to facilitate straightening. 

Crankshaft.—After the c<muecling r<Kls have been inspected, over 
hauled and laid to 4»ne side, the crankshaft may Ik: lifted out of its ben; 
ings. It will appear as shown at h*ig. All l>caring surfaces on tin 



Fif. 458.—Various Stages of Wear in Crank|»n Bushings of Liberty Engines Outlined. 
A and C Show Good Bearing Surfaces. Surface at B is Embedded with Small Meul 
Particles. At D. the White Metal Lining Has Picked Up. 

crankslmft slnatld l»c onrcfnlly ocuniined. Unlove rmo nr more of the bear¬ 
ings have been coinplolcly destroyed, the cr.'inkshaft surface will he in good 
condition. If any crnnkjMii or l>caring surface on the crank.shaft is rough¬ 
ened or scf^red it should be dressed down with a fine mill file and fine sand- 
paper and oil, meanwhile being tested as to nmndness with a micrometer. 
This work can only be done by an cxi>cncuccd mechanic. 

Examine the Iwll thrust bearing. This should show not to exceed 
.OOS-inch end play. Unless the thrust bearing shows damage or excessive 
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REMOVIN(] LIBERTY PROl’ELLtR HUB 957 

; n(l play after being washed, it should iu*l be ucccs«aTv in renuivc it. Kc 
Hurc that it is packed with grease before engine is finally assembled. Ex- 
iminc the lock screw through the thru'«t bearing retuining nut. lie sure 
that it is tightly drawn up and that the hn-k wire sets fairlv in the slot. If 
It is considered advisable to rcmc)vc the propeller hub. follow the special 
instructions given. Examine lltc tapered end td the sliafl on whieh the 
propeller hub fits. If this has been marred nr rniigheniHl up in any way the 
Key should be reiimved and the rough s|hU mikhuIiocI up. The Inili should 
ihen be lapped on the end c»f the shaft. ICxamine liie ccmdjimn of the key 
and its fit in the shaft. Ivxaniinc the crankshaft gear to see that it does not 
show excessive wear. 

Examine the plug in the pro|>cllcr cud of the shaft and the plugs in the 
ends of each mum hearing and eiank]un. They vhnuM all be* light ami 
&how no indications of oil leakage. Clean <»ul the oil cavities and jia^sages 
in the crankshaft ami crunkpnis. This can hevi In* thuie hy Idling each one 
with gasoline or kerosene, allowing it in siand for a sluirt lime and then 
blowing out wilh compressed air. Culess the erankshuft. thrust bearing or 
propeller hub were found to be defective, no attempt should be matlc to 
remove the hub. 





propfUtr be»fin« jowo^ls 

hub 



Pig. 459.«<-Crankfthaft of Liberty Engine. 


Removing Propeller Hub.— If it should be iK'iosary to take the bub off. 
proceed as follows: l\cuio\e the h*ck wire and unscrew the lock iiut (the 
largest one) and ihcu the retaining mit entirely tml id the huh. (See Fig. 
460.) Oil the threads of both liherally. 

Now screw in the retaining nut (the smallest one) as far as it will go and 
then back it out five turns. Screw in the lock mil until tl touches the 
shoulder on the retaining unt. Continue to screw in the lock nut, mean¬ 
while holding the retaining nut ami the crankshaft stationary. This will 
draw the hub off the shaft. (fr screw emt the rclainmg mil. meanwhile 
holding the lock nut ami the eraukshafl staln»uary. 

It may he necessary l«) heat the hub in order to start it. If a blow torch 
is used for this purpose, beat .shmdd be aptdierl to the )»arrel of the hub in 
the vicinity of the flange ami as evenly as jNis.sihlc. 

Fitting Propeller Hub.—PropHler hubs slumld be ‘'lapi»c<r* lt> a fit on 
the shaft. The work should be done in such a manner that the bub will be 
about .001 inch tighter at the large end of the lai^cr than at the small end. 

This result can be accomplished as lollow's: 

1. Lap the huh to a fit on the full length of the tai>cr. 
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Pi^. 450.»How tb« Propeller Support Hub U Mounted on the Crenkebaft of Liberty and Similar Ensinee. 



ASSEMBMXG liberty engine BARTS 959 

2. Wash off the abrasive thoroughly from both hul) and shaft with 
gasoline. 

3. Lubricate the large end of the taper with a light machine oil, 

4. Apply the abrasive to the small eml only Ihc taper and lap the 
hub on again. 

5. Check the progress of the work occaMonall\ bv washing otT the oil 
and abrasive and tcMing the lil with Brussian bbie. 

The final result should be ‘inch that the coU»r will In* spread tliiii at the 
large end but should rcinain heasy at the small emi of the laiH'r. 

Mounting Propeller Hub.—Imiuorse the hub in boiling whaler or oil for 
two or three ruiuules. then tap liglilly inti» place nu the shall and inunedi* 
alely apply the retaining nut and draw it up ligbl Ni>w ajiidy the lock nut 
and draw it up only tigblly emiugh t«» itiMirc a snug bearing against the 
rtange of the rctuining iml. Aptdy (he lock wire, making sure that the 
tongue is Umg enough to reach through ImuIi nuts. Caution—Be sure 
that there is a minimum clearance of .010 inch between the top of the key 
and the bottom of the keyway in the hub. 

Crankcase.—Kxamiiieall bearing Imsliiiigs in both the upper and lower 
halves of the crankcase. 'I'he bushings should show a 75 juT cent ticaring 
and should bv fr(*e from dirt, scratches and sci»rvs. Shouhl it lie necessary 
to replace any of these bearings, new bushings sbonbi be caretnlly fitted 
in each half of tbc crankcase. Tlie> should then l>e r.arerully scraped to 
a free fit on the mandrel .(Xii5 inch lo UMi5 inch larger in diuineler than 
the crankshaft. In .scraping tlie bnsbiiigs to a fit on this mandrel, care 
should be taken that llie case is siip|Mnied and clamped rlowii in sneb a 
manner that it will not lie sjiriuig or (wisied out of sbaiic. It is advisable 
to claiuj) the case at only one tHiini and that only ngully enough to holil 
it steady. Contaci belweeii the Iwai halves oI the biisliing au<l the two 
halves of the crankeu.st .slumid be v<|na] when they are claiiiped toga^ther. 

Examine the crankshaft bearing bobs and sec that the mUs at liic lower 
end of these bolts are <lra>vu u]i (iglilly am! properly colter pinned. Exam¬ 
ine the threails on the toji of these bolts to see that they are not stripjied. 
Wash the inside of the case Iluinmgbly and clean and bhnv out all oil pas¬ 
sages witli cotnprc.ssed air. Extreme care should be exerrlse<l in carrying 
out this part of the work. Caution—-The joint between the two halves of 
the case is "lapped** and the parts should be carefully handled to avoid 
possibility of marring the surfaces. 

To Assemble the Engine.—Crankcase Upper Half—1. Place the upper 
half of the crankcase in the in.spcciiug stand boitoni side up. 2. Wipe out 
all bearings carefully. 3. Oil all bushings with fresh clean oil and lay the 
crankshaft with its thrust bearing in place. He sure that the thrust bearing 
is properly seated in the case and that the sleeves d<i inn pennit eml play. 

Note_The thrust bearing sleeves are made in different thicknesses, No. 

12,252 being the thick one and No. 12.238 the thin one. A combination of 
these sleeves may be obtained, which will insure the proper fit in the case. 

*4. Connecting Rods.—The mnnecling hkIs may lanv U* nsMinbIcd on the 
crankshaft. The ro<ls are numbered on the web at the |)jstcin end 1. 2, 3, 
etc., indicating their locatiuii on the crankshaft beginning at the gear end. 
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The side of the rods on which the numbers are stamped should be towa^ 
the gear end of the shaft. All forked rods should be so fitted that thr 
will be on the right hand side of the engine looking from the gear eii > 
toward the propeller end when the engine is right side up. Crankpin 
should be liberally oiled before the rcwls are put in place, as should als** 
the outside of the connecting rod bushings before the plain end rods ar< 
assembled. The holhuv crankpins and main l>earmgs should be filled with 
clean oil. Draw up all connecting hkI holts snugly and cotter pin them 
Note^The cotter pins in the bolts through the forked end rod should be 
inserted so that the heads will be on the inside or toward the plain end rod 
Otherwise the bent-over ends of the cotter pins will interfere with the 
plain end rod. Be sure that none of these bolts are overlooked. 

Crankcase Lower Half.—The lower half of the crankease may now bv 
put in place. 5. I'nt the washers and nuts on the front and rear hearing 
bolts and draw lliem tight. 

6. Water Pump Bevel Driver.—Put the water pump bevel driver willi 
its bushing In jdnee an<) fasten with the lock screw. Test the hack lasli 
of the water puni]^ l>evel driver gear and the cranksliaft gear. This should 
he .OO.S inch miniimun and .010 inch maxiiinuu. If these gears mesh tO(» 
tightly, shims No, 8.502—.002 inch thiek may he placed helwcen the crank¬ 
shaft. gear and the cr.inkshaft fl.ingc* In sufficient iniinU'r to protlucc the pro^)cr 
liack lash. 

7. Now turn the whole .asscmhly right side up and complete the instal¬ 
lation of the hearing bolt washers and nuts. Draw up these nut.s snugly 
and cotter pin them. 

8. Install IkiIis No. 116 and tighten and cotter piu them. 

9. Pistons.—Proceed ti> fit the piston.s on their proper rods. Remember 
that the ])istons are marked right .ind left and nnmhered 1. 2. 3. 4. S and 6 
and that the pist(jns slKUild he so placed on the rods that the numbers are 
toward the gear end nf the engine. The piston pins should he oiled before 
being pressed into place. 

10. Insert the piston pin rctaiiUTs No. 12,547. These should he a light 
tapping fit in the piston Inisses. 

11. Cylinders.—Oil the inside walls of the cylinders and the outside of 
the pistons. The cylinders arc niiml»ere<l 1. 2, 3, 4. etc., and are marked 
right anti left, indicating their po.sition on the crankcase. These marks will 
he found on the etlge ni the hase flange near the water inlet. He sure that 
the gasket No. 12..Wi is in jdace on the crankcase studs. The crank should 
be turned over so that the piston on which the cylinder is being placed is 
at the top of Us stroke. The rings shonld he compressed in the graoves 
as the cylinder is slipped down over them. 

12. Push the cylinder carefully down into place, put on the nuts No. 
103 and run them down on the studs, hut do not tighten them. 

13. After all the cylinders arc in place, pul on the gaskets No. 8,175 
and the intake headers No. 12.L14S. Caution—Insert loose-fitting wooden 
plugs in sparkplug holes, to prevent any small parts from falling into cyl¬ 
inders. 

14. Intake Headers.—Now put on the intake header stud washers No. 
113 and the intake header nuts No. 103. The intake header nuts and the 
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cylinder to crankcase nuts on each set of three cylinders should all be 
lightened up at the same time, i.e., each nut should he drawn down one 
after another about one-fourth turn at a time until all are tight with an 
equal tension. (See Fig. 454.) 

15. The special nuts No. 8.254 may now l>c put m place an<l iigiilened 
up with a special long shanked socket wrench. 

16. Tighten all nuts and t>r<»j*crly colter pin ihcni. 

17. Put the gaskct.s Ko. 8.172 hclwecn ilic intake header and the water 
Inlet elbows No. 8,173 aui\ tighten iIicm* up mill the cap sciews No. 201. 
The gaskets No. 8,172 slmulil be soaked in water l»clore inittiug them in 
place. Leave three screws No. 201 on vacb side (one at each cinl of the 
engine and one about midway between these two) loose nut 11 the cable tube 
has been installed. 

18. Outlet Headers.—l*ut the water otillcl header gaskets No. 8.1.^3 in 
place and bolt on the front an<l rear water outlets No I2.4t)2 aixl No. 12,401 
respectively, ilefore these water outlets are bolted down tbc extension 
tube No. 12,363 and the two pieces of hose No 12.128 shonlcl be 5li]>pe<l in 
place. 

19. Now fasten down tbe w.tler mitlets with nuts No. 101 and cotter 
pin them. 

20. Slip the carburetor to intake hcatlcr bolts No. 8,39>L^N<i. 8,399 in 
place. 

21. Carburetors.—.\ttacb the two carbuieti»rs. lie sure that the unions 
and gaskets are in place. With res|»ect to these gaskets it is advisable to 
ht new ones after an engine has been overhauled, t are shonlil be taken 
that the carburetors are iiumntcd in their proper position on the engine 
(propeller end and gear end) and that the air intake scoojis iit^cn toward 
the propeller end. 

22. Throttles.—The carbureUir throttle coupling sliaft No. 12.4*W, .shown 
at Fig. 463 A, may now f»e jnit in place and the two scl.s tif throttle syn¬ 
chronized as follows: Screw out the tliroltlc stop screw on each carburetor 
and, holding them hrndy in a closed tnisition, screw \\\i the adjusting 
screws No. 13,4l0 until they just touch each skIc of the lever No. 12,498 
and lock the screws by mcan.s of u >vtrc through the hca<l of each. Connect 
up the altitude adjustment coiudnig Tinl in such a manner that both altitude 
adjustments will gel the full tbiow m each direction. 

Timing Engine.— A part of the equipment of every Liberty engine is 
a timing disc, so <lesigned that it may be mounted on the pro|>eller hub as 
a permanent fixture or used only in the hangar or repair simp as a means 
of cKecking the .setting of vahes and rlisiribulors. To use this timing disc 
which is show'll at Fig- 401 A, jirocccd as follows: 

1. If the timing disc is iK»t already immnted on the pro|>cller hub. install 
it in such a manner that the dowel in the jiropeller hul^ llangc enters the 
dowel hole in the disc. It may be clamped m this position by means of 
two bolts through the pro|>«ller hub bolt holes. 

2. Remove the .vparkpliig from the propeller side of No. 61. cylinder, 

3. Insert a pencil or scale through the sparkplug hole and turn the en¬ 
gine over until the piston on its up stroke touches the pencil and causes it 
to ride up. Continue to turn the engine over slowly until the piston as in- 
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dicated by the travel ol the pencil stops moving upward and is just zhow 
%o start down. This will lie approximately (he top dead center. 

4. Allow the crankshaft to remain in this position temporarily and clam, 
the timing pointers, which will be found in the tool kit, under the specii * 
cylinder base flange nuts so that the pointers extend over the edge ot th^ 
timing disc as shown in the illustration. 

5. With the entl of the |>cncil resting on the top of the piston make ;i 
mark with a knife blade about one-half inch above the e<lge of the spark 
plug hole. 

6. Turn the engine over in a fnrwarti direction until the pencil ha . 
moved down so tliat the mark is e\cn with (he top edge of the hole, ami 
with a piece of chalk or a ]>eiK*il mark the disc in line with one of the 
pointers. 

7. Turn the engine backward until the pencil lias moved np and down 
to the point where the mark is again even with the tup of the sparkplug 
hole, and mark the disc in line with the iHiinter. 

8. With a pair of <livi<lcrs find the |Mdnt midway between the two marks 
on llic disc. This (KMiit will indicate the exact dead center of No. 1 and 
No. 6 cranks and sh<ntld be marked with chalk or pencil. 

9. Turn the engine over until this dca<l cenlvr mark is in line with the 
pointer. A)l(*w the crankshaft (n remain in this jHisitiou and 

10. Reset the pointers >o dial (hey come in line with the dead center 
marks stnini»cd on the disc. 

11. Turn the engine over in the direction of rotatum through ten degrees 
as indicated by the scale on the disc. 

Neutral Point.—The crankshaft is now set on the neutral i»oint of No. h 
left cylinder and the firing point—spark retcirilc<l of Xo. 1 left cylinder. 

Reference to the timing diagram at Fig. M>\ H will explain what is 
meant by ''neutral point.*' It is the |>oinl ten degrees past the top dead 
center which marks the beginning and end of the cycle of operations. The 
exhaust valve closes and the inlet valve opens at this |x>int. 

Mount the generator drive shaft assembly No. 8,210, 1 icing careful that 
the gasket No. 8,.H7 is in place and a sufficient number of shims No. S,S)\ 
(.002 inch thick) to insure proper mesh of the generator drive .shaft lower 
gear with the crankshaft gear. These gear.s should have a minimum back 
lash of .005 inch and a maximum of .010 inch. 

Mount the two camshaft drive shafts N<». 8.208. meshing' the gears in 
such a maimer that the mark on the splined coupling is "fore and aft" or 
parallel with the center line of the engine. 

Now mount the camshaft housing assemblies. 

If it was not found necessary to replace cither the camshaft or gear, be 
sure that the marked teeth on both gear and pinion are in line. This should 
bring the mark on (he splined end of the drive ».haf( **fi>re and aft." The 
assemblies may now be set in place with the .splinetl coupling marks in line. 

Note—All marks for Imlh right and left cylintlers are located with No. 
1—0 cranks ten degrees past left dead center. 

Complete the installation of these assemblies by replacing the washers 
No. 112 and the nuts No. 102 and properly cotter pinning them. 

Slip the felt washers No. 8,0^ into place and tighten up the stuffing 
boxes No. 8,066. 
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Tappet Gap and Firing Point.—Test the gap helwceii all lappets and 
the valves which they (j|>erate. The tappel gap for each cylinder should 
be checked when that cylinder is on the firing i>oiiU. The firing point of 
No. 1 cylinder is the neutral of No. 6 on the same side. The firing 

point of No. 2 is the neutral point of No. 5. The firing fKiint of No. 3 is the 
neutral point of No. 4, The firing point of No. 4 is ihe neutral point of 
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No. 3. The firing point of No. 5 is the neutral point of No. 2. The firii, 
point of No. 6 is the neutral }>oint of No. 1. It will be noticed that the 5ui 
of the nuuil>ers of these pairs of cylinders is always seven. For example 
to fiinl the firing point of No. 4 cylinder, turn the engine over, xneanwhil 
watching the No. 3 exhaust valve. When this valve has just closed aii^ 
liefort No. 3 inlet valve has uprned. the neutral point of No. 3 cylinder wip 
have been reached. This will be the firing point of No. 4. 
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Fig. Liberty Engine Rocker Arm and Method of Adjusting Clearance Between 

Valve Stem and Tappet. 


With the engine cold the clearance between the inlet valve tappets* and 
the valve stems shonUl be .014 to .016. The clearance between the exhau.st 
valve lappets and valve stems should be .019 to .021. This clearance should 
be adjusted by adding or taking out shims under the tappet head as shown 
at Fig. 462. The>e -shims arc made in varying thicknesses. The thick shim 
No. 8.089 being .015 Inch thick, the medium shim No. 8.086 being .008 inch, 
and the thin shim No. 8.087 being .003 inch. The combination of these 
shims will permit of a very accurate adjustment of the gap. Be sure that 
the shims are properly placed and that the nuts on the tappets are tightly 
drawn up and cottered. 
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If It was found nwcssary lo replace cither the camshaft or the camshaft 
^ear. the ^otjU! have been left iinTrnmnled. In this case proceed as 
follows: 1. ^Vlth No. !_(, crank set ten (Icj^rces past the left dead center^ 
the marked splines on the camshaft drive shaft set * forc and aft/’ the 
marked splines on the upi*cr camshaft drive shaft *rear slnnild he toward 
the observer and on the center hue of the cylinders. 

2. Without niovinij any of thi.s a'-scinhlv rotate the left camshaft in a 
clockwise direction until (he No. 6 exhaust valve is just closed and the inlet 
valve is just about to o|K‘n. 

3. Now mesh the camshaft jfcar in such a manner that the teeth and 
the flan^^e l>olt-hnlcs will Ime nj» prrfcclh. 'J'he camshaft year has 48 
teeth and is Iwilted to the flange hy means of seven Ixdls. 'rUis will permit 
an adjustment of onc-se\ciUy of one t«MJth si»;ice or two and une^seventh 
degrees of crank.slmft travel. 

4. Tighten up lwi» of the camshaft gear I Mills and check the tappet 
clearance on all left cvlinders. 

5. To Advance or Retard Valve Setting.—Now check the <ipcning and 
closing of the exhaust ami inlet \al\es us shown on the timing diagram. 
If it is found that the valves arc late in opening ami closing, the mimlier of 
degrees should he iiotc<l and the cunisliuft gear nnivcd one or more holes 
in the direction of riHalnm wiltnuU moving the canishuft drive shaft nr the 
camshaft. Kenicnihcr that for each hole movcrl forward, the camshaft is 
a(]vance<l t\v<» and onc*scvciith degrees id crankshaft rolaiii>ii. If the valves 
are found to open early, set the camshaft gear l>aekwar<l one or more holes. 

Always check valve timing hy Uirniug engine jii forward direction of 
rotation so as to take up all Ixick lash in gears and lo.st motion in couplings. 

After the gear has heen pr<»i»erly li»cnled, set the left <h.«trilnitor driving 
flange over the Ixilts in such a |H»sUion that the marked iiuteh is in line 
with the marked tooth on the drive pinion. 

Now tighten up and collcr-pin tlic IkiIIk ami mark the gear in line with 
marked tooth on ihc drive pinion. 1\» set the right eaiii.shafl, turn the 
engine over in the direction of rolijtiou through 4.^ degrees i»r nnlil the 
No. 1 crank Is ten <legrce.s past the right dead ccnlcr. With the crankshaft 
in this iiosilion turn the cainshafi over in a clrnkwise <hrectum nnlil the 
No. 1 exhaust valve is just ch»sed and the inlet valve is just alxuit to open. 
Locate the gear in the same manner as in setting the left camshaft. 

Before mounting the right di.slrilmlor driving flange, (urn the crankfhaft 
back through 45 degrees c»r tn its (»riginul and sol the di.strihutor 

drive flange so that the marked in>lih comes in line with the marked tooth 
on the ilrivc pini<m, or in «jther words, in line with the center line of the 
right cylinders. Now tighten up the camshaft gear bolts and cutter pin as 

before. 

Timing Ignition.—Set the two distril)iit<»r assernhiics In place, being 
careful to get them on the proper houMiigs Right ami I.efl. These distrib¬ 
utors are marked K and L ..n the outside stirfarc of the .spark control arins^ 
They should he fastened temporarily hy means of two Is.lts No. 116 each 
in such a p<.sition that the notch ..n the distributor hasc flange coincides 
with the notch on the camshaft housing flange. If it has l>een found neces¬ 
sary to replace either the camshaft housing or the distributor head, and 
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the new parts do not varry Ihchc identifying notches, the distributor shon 
be so set that with the spark retarded llic center line of the cylinders w; 
be midway between 1 L ainl 6 R terminals. 

1. Set the engine on the firinpt l>oint, spark retarded, No. 1 L cylindr 
in other words, the neutral |K)in1 cd Nik 6 L. Reference to the timing 
dia^um shows tliat tilts is ton de^ees ]»ast tlic lop dead cenicr. 

Synchronizing Breakers.—It is assiMue<l that the ctmtact separation r r 
gap was i>ni)ierly adjiiskHl f.t)K)-inch U* .01.^-inch) at the time the distn^ 
iiUtr heads were overhauled, 'J'hc synclironization of the two mam 
breakers on each distribtitt»r may l>c cheeked liy iiiserlitig a card between tin* 
contact points id one lireaker and iioiing the tuning id the other. *rhi‘ii 
repeating the ]>rorcdiirc on the 'dher breaker. If the twi» inain l>reak^l^ 
on a distribiii(»r do ni»t ojK'ti wiilnn one an<l oiiedialf ilegrec.s of each other, 
they may be syiichTMUizc<l in the folUiwing maimeri Remove the colter jdn 
“P” and loosen nul “n'* which w ill allow the c<»iiipletc breaker arm bracket 
assembly to be shifted around the .stud as a center. This will var\ 

the .setting of the contact scjiaration or gat) winch should be hmuglU back 
to the proper limits and the breaker arms tried again for time of opening. 

Hy shifting the breaker arm bracket assembly ami each time bringing 
the opening of the contact points back to the proper linnls, a )>oiiii can hr 
reached w here the two parallel breaker arms wdl open at exactly the same 
lime, which is the pn»pcr setting for these nniis. 'I'he auxiliary breakef 
arm must ot»en before the parallel breaker arms when the cam is bcin^* 
rotated in a clockwise direction. If this hreukcr arm is not adjusted so that 
it w*ill o]»cn in the al>ovc manner, it will not ])re\ciil the back-Tiring of the 
engine wlicri Iwlng' rocked on compression prejuiratory to starting. After 
the distributor breaker arm bracket a.sscmbly has lieen shifted to such a 
tmsition so as to gne the proper o)Hming of the ]>arallel breaker arms, nut 
should be screwed down tight and lockeil in jjlace by cotter jun “F.” 
fSec Fig. 44i.) The contact screws sfionid In* ailjnstcd tu line up and meet 
squarely with the contact poinls in the l^reaker arms when the contact 
points arc closed. 'J’bis can he acQiinplished by slightly bending and 
twisting the bracket.s which lioM the contact screws; 

2. Swing the timing lever on the distributor to the full retardcil position 
or as far in a clockw isc direetion as is |M»ssiblc. 

3. Loo.sen the U>lts No. 116 snnieienlly that the distributor base flange* 
can lie rotated on the .slottcsl holes. 

4. Connect battery and electric light acro.ss the distributor terminals as 
shown in Fig. 4f)3 It and rotate the distributor base flange in a counter 
clockwise direction until the light just goes out. 'J'lghtcn the hedts with the 
distributor in this ixisilion and comiiletc the installation of the bolts No. 
116. 

5. Without changing the position of the crankshaft install and set the 
right hand distributor in a similar manner. 


6. The accuracy of the timing should now be checked up hy rotating 
the crankshaft backward fifteen or twenty degrees; then forward very 
slowly, meanwhile watching the electric lights. 'I'hcy should both go out 
at the same lime within a limit of one and one-half ilegrccs on the timing 
disc, if the pocket flashlight is used instead of the tw'o electric lights and 
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»attcry» each difttrilmtor head will have to \)q chccVed separately and the 
line of the break notc<l acctirdm^ to the timing diM*. 

7. Install the cross reach Xo. and adjn.sl it so that lK)th distributor 
iieads will be fully relaided. du*»k tlu* s> lU'limni/alMiii *if the two distrib¬ 
utor heads with spark lover in aclvanced jsiMtioii hImk 

B. Install the hi^h-trnsion cable lube ami cable assembly, fastening it 
l>y means of the screws No. Jt)l to the mlakc headers. 

9. Wire the beads <if all those siTows S4i llial they will not hx^sen up. 
Caution—Care should be exercised in placing the distributor head assembly 
on the distributor to keep from breaking the rotor brush, li can best be 
done by putting the distributor head assembly over the two studs as shown 
in Fig- 463 C and slightly rocking it back and forth with the rotor in the 
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right angle poeition to‘the center line of the two studs. This will gradually 
work the brush back into the rotor and allow the distributor head to sit) 
down into ^ace. 

Remove wooden plugs from the sparkplug holes and install spark 
plugs. Connect the high tension wires to them and to the distributors 
being careful that each plug is connected to the proper terminal. Kemeni 
her that plugs on the side of the cylinders toward the propeller are con 
nected to the left hand distributor and those on the si<le of the evlinder 
toward the gear end of the engine arc connected to the right hand distrib¬ 
utor. 

Install the water jnimp assembly, being careful to see that the gasket 
No. 8,.M5 is in place. Try the mesh cjf the water pump gear with the water 
pump bevel drive gear. Tliis .shtuild lie .OOS-inrh mininiuin and .OlO-incli 
maximum. If these gears niesh toii tightly, shims No. 8.510 may be in- 
.serte<l between the licaring retainer No. 8,.145 and the gasket in sufficient 
numl>cr to pro<lncc the pro])cr back lash. 

Water Inlet Manifolds.—Install the water inlet manifolds No. 12,12.^, 
replacing the hose rcinncciions ami clamps wherever the original ones were 
found to lie defective. Put on the inlet manifold extetisinns No. 
and No. I2.0^^7 with their hose connections. In tightening up hose clamps 
ht careful that the c1:itn)> is 1>eut so as to fit snugly around the hose and 
hear against it at all |H»iuts. Do not draw up the clamps so tightly that the 
clamp cuts into the nthher. It is advisable before installing the engine in 
the plane to ta)>c tlicse hose c<mneclions with a good ruhher frictiem tape 
and .shrifac them, putting clanpis on over the shellacked tape. The shef* 
lacked tape^will protect the hose from oil and gasoline. 

Oil Pump Assembly.—Install the oil pump assembly. See that the 
gasket No. is in good conditi<»n am! is .so tdneed that the gasket does 
not overlap the oil jKissages cither in the oil pinu]) housing or crankcase. 
Install the nuts No. 101 and tighten them up evenly and cotter pin them. 

Crankcase Breathers.— In.stall the crankcase breather. See that the 
gasket No. 8172 is in place and fasten with nuts No. 1.01. install the crank¬ 
case oil fillers No. 8.156 with gaskets No. 8,158 and fasten in place with 
nuts No. 101. Install crankcase .sump cover No. 8,129. Bo sure that the 
lock No, R,l.% is in its ])ro)>er place. The whole engine should now be 
given a careful final inspection. Make sure that nil Ndts have l>een properly 
draw'n up and locked either hy means of cotter pins or lock wire.s. 

Testing.—Every engine after it has Iwen overhauled should be tested 
before in-stalling it in a plane. F<»r this testing work the following equip* 
ment should l>e proviiled : 

1. A properly designed test stand. This should be so arranged as to 
give at least twelve inches clearance 1>ctween the ground and the tip of 
the propeller blade when the latter is in a vertical position. 

2. A cooling system adequate to keep the engine at the proper tem* 
perature. This cooling system should l>e so arranged that thermometers 
may be inserted in water passages near the pump inlet and near the water 
outlet. The temperature of the water at the pump inlet should be about 
150 degrees and at the engine outlet about 185 degrees. 
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3. An oil reservoir with suitable connections to the engine so arrange< 
that a thermometer can he inserted in the line l>etwc€n the oil pump outli 
and the reservoir. This therm<»metcr should preferably be fitted in a teni 
porary oil sump cover (propeller end) so that it will extend up into the ot 
connectini; in this sump. 

4. A control hcjard should he arranged with oil pressure gauge, tach«i 
meter switches, ammeter and voltage rcgiilali»r. 

In preparing the engine U>r a test the instnictinns given under the heaf' 
of “Preparing an Engine fur Scr\itc** shouhl l»c f<dl<nvcd <mt. 

After llic engine has Ihtu starlecl and while il is warming tip. careful 
attention shouhl l>e pai<l f<» I he ojicraliun of the oiling system, if the pres 
sure gauge does nut >hr»\v the jimper pressure or any hearing seems to hr 
warming up excessively the engine sii<mld be slntiped immediately and the 
trouble invcsligale<!. The engine should he run at a s)>eed id about 1,200 
r.p.m. for at least one hour. If the engine has l>een completely overliauleil 
and new hearings have Ik'cu fitted, il is ailvisahle U* connect the od pnniji 
inlet and outlet in stich a manner that the oil will he bypassed. Then fill 
the crankcase with three gallon.s of oil. This will he a suflicienl amount to 
permit the eonnccling to<Is (o dlj> into the oil and will insure excessive 
lubrication during this period. After an lionrV rnn the bypass conned ions 
may be taken off, oil <|raine<l out <»f the crankcase, and ilic puniji connected 
to the oil re.servoir. 'riie sih*c<I of the engine may now he gradually in* 
creased up to 1,4(X> r.ji.in. and held at this .sikhnI about one-half an hour 
The ihnitllc may then he opened wide fora t«*riod of three t'» five minulcs. 
under which condiiion.v the siicc<! should increase to alsiul l.fXX) r.p.m. If 
there is no decrease in spee<i during this period, the engine may he con¬ 
sidered satisfactory. 

The operator during the j»rogress of the test should watch the water 
and oil temperature anrl die .s)H*ed in r.p in. and make imte of these points 
at fifteen-minute intervals- Me shonl«l alst» watch for water and od leaks 
around the engine. Any ajipreciahic dropping off in speed with no change 
of the throttle pr)silinn is an indication cif escessivc friction l>omg <levclopcd 
on account of hearings l>cing t<Mi tightly fitted <ir the. improper functioning 
of the engine, either due to ignition or carhurclicm. The engine should he 
shut down and the troulilc invcsiigalc<l. 

SUMMARY OF CI.KARANt'KS 
Taken fr^iiii SlaiuUiol Di^uinC'. of Lilicrty 12 Engine 
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Caution^If the engine being tested is designed lor use in high altitude 
It is equipped with crowned high compression pistons. It should not b; 
run on the stand with throttle more than one-half to two-thirds open. Th^ 
crowned pistons have a clearance volume so worked out that the compres 
sion would be excessive at low altitude and running it with wide open 
throttle on the ground would ultimately resqlt in a breakdown. Engines 
fitted with flat top low compression pistons may be run on the stand with 
wide open throttle. During the test on the stand the altitude adjustment 
should be fastened in a closed position. 

The Ing of ihe enRiue shcmid 1>e kept carefnlly on suitable form' 
provided for that piirpusc. A .sample form used in connection with a suita- 
hie dynamomcler mstallntinn is sh«»wii at Fir. 4^4 and will he found of 
value hy any one te.stiiiR engines of any kitul. Slantlard te.sl fr^rms may l>e 
obtained frf»m the .S<»ciety of Aiitoniolivc Kngineers, Inc. 

Vee Type Inverted Liberty Air-Cooled Engine.—'I'he Vee type engine 
is particul.irly well smted V* air-c<H4ing, since with a nilninnini amount of 
cowling, a rapi<l air flow is directed on all surfaces of the cylinder l)arrel.«t 
and head.s. In fart, the engine itself riiiuht he said to f<»rm its own cowling, 
A single .«heet of ahiininurn arched across the i»pt*n j>art of the V'eo. together 
with a hack plate of alnminuin, fonu.s a deep Imix, which receives air from 
the slipstream of the t)ropelUr. and distrihntes it helween the cylinders. As 
the air intake area of the cowling Is some twenty |kt cent greater than the 
area of the outlet pn.ssages. suDicient pressure is luiilt up to force the air 
to flow out at higli velocity between Ihe barrels, heads, and valve ports, 
which insures adetjnale cooling of these jHirls. The cooling air Hnally 
passes out of the jiorts in the side of tl»e airplane ctiwling and away from 
the pilot. 

The (avorah)c cunsideruliou of air ri»o1ing. which forms perhaps the 
most striking feature of |>rcsent day development in llie field of aircraft 
engines, was clearly realized hy the J'ngincering Division of the Army Air 
Corps at McCook J'icld, when more than five years ago, it conceived the 
plan of air cfvdiiig the IJhcrty engine. Preliminary layouts and calcula¬ 
tions were made, and a pro])osn1 for bids was issued.'calling for tJte design 
and construction <ti an experimental engine. Tlic Allison Engineering 
Company was selected to carry out thi.s jiroject. The first engine, designed 
and built for upright n|)eratMm and shown at Fig. 4^4 A, was so successful 
that the Air Coqis was encouraged to conlinuc in its development. It was 
decided however, that l>ecause oi letter visibility the engine should be 
designed to run in the inverte<l position. A further advantage of the 
inverted type is that even with short air-coi>le<l exhaust stacks, which 
minimize fire hazard, the gase.s and noise of the exhaust are directed away 
from the cockpit. An end sectional view of this engine is shown at Fig. 
464 B. This drawing outlines tl« cylinder constniction very clearly. 

The addition of a rotary induction system permits the use of straight 
intake manifolds and single carburetor. The camshaft housings are made 
quite large and deep to form oil sum])s into which the valve stems and springs 
dip, Not only does this insure thorough lubrication of the valve mechan¬ 
ism. but as the exhaust valve stems. large diameter, arc made hollow and 
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4 4 

partially filled with a fus.lOe ^alt mixt.irc the aRitation of " '"oiT 
heat from the valve head to the stem end where .1 ' 

it therehy forms an essent.al part of the e.K.lniR system. l^e oil ts 
scavenged from lx.th cn.U of the iLmsiiiRs hy doiil.le gear pumps located 
on "he af?enrof each housing, from which it is discharged into the timing 
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this sump and forces it through the jackets on the carburetor and carburetm 
elbow, and thence to the supply tank. Built integral with the scavenging; 
pump is the pressure pump, which maintains a pressure of 100 pounds pci 
square inch at the crankshaft 1>earings. A somewhat lower pressure 
used on the camshaft bearings. 

Materials used in the various parts of the cylinder assemblies were 
selected as l>est suited for the particular work each part is subjected to 
The barrels with their integral co<iling fins and hulcbdown flanges are 
machined from tempered steel forgings. On the bond end is machined 
a twelve ])itch threatl. one and <»i)C‘half inches U»ng for attaching to the 
cylinder heads. The valve seats and sparkplug inserts are of tempered 

I " p. - - - - ■ ■ > 



Fig. 4646.~5ecdonal View of Inverted liberty Air-Cooled Vee Engine Showing 

Parts. 


aluminum bronze. The cylinder heads, with their integral cooling fins, are 
cast of aluminum {Y Alloy), and arc heat treated before machining. They 
arc machined to receive the threaded end oi the cylinder barrel and the 
valve seat inserts. drille<l ami reamed for the valve stem guides, and are 
tapped for fitting the sparkplug inserts; the bores and threads in the heads 
being somewhat smaller than the outer diameter and threads of the parts 
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fitted into them. To a!«seml<le the various i>arts it is necessary to heat the 
cylindw head to a tcmi>cratnre of approximately 650 degrees Fahrenheit, 
the other parts beiiiu at riKun Icmiieraliirc. 

When the cylinder head is CfM»lcd, the component parts of the assembly 
are held togelhcr \ 11 ul 5 r considerable tension. This method of assembly 
makes sure of ijood heat flow through the jointN and allhoiifjh the evlinder 
assembly, in operation, will he worked at a fairly hijjh temperature, the 
difference in leniperalnre of the various p.irls will never l>c great enough 
to allow their loosening. After the cylinder assembly has been made up as 
above it is subjected t<» a hydrostatic lest of 6 S() puunds, after which the 
valve seats arc (inishecl and the cylinder iMirc gnmtul to siee. 


SPFnrHMinNs. 


Name . 

Model . 

ArrahKemi'iit 

Coolina Medium. 

Bore. 
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\ 1410 and VC UlO 
lintfird \ -1^ *k& 

A»r 

4S4 in. 

7 III 

1410 ni in. 

$ IM I 

. X'.NIO j'«l. V(i r4IO 1140 

.. 410 .'ll IKWI. 4.10 ai PKiri 

. 1JK Ih/Mi in. .11 IHOO 1 |im. 

... .Si> III |ii*i hp Ur 

. IM lU jxT hp jKT hr. 

. Sihwl" rg. T>pe N \ SRK 

. hrUe»-KrriU 11 N ull lUlIrtv 

. \' 1410 IIU.*^ Il>.; V'lj-UlO: \\\. 

cxItatH slaiW>andi'*»wling, Inil nrH Ihe stRricr. 

. \M4I0 7ftVi; 1410 ftSHi in. 

.... FfMoi 4t)V^ 111 , Rear 44iy in, 

.. .. 34^'. in. 

. 14‘» in 

. 17 in 


The centrifugal I'iigh .s|H'C<l faiu l>pc ‘»f r<»i;iry iiidnctirm is used on the 
air-coolcd Liberty. Hy its nse a Miigle carburetor r;in be cniph*yed to 
supply all twelve rylinder.s. I•‘^^(llenn••n^ the high speed of the impeller 
effects such thorough mixing .and atoiiMzati<m lli.it all cylinders receive a 
uniform ini.xturc, although the .simplest ft»rm nf intake manifobis arc used. 
A valuable charactcri.slic of the centrifugal fan is that lH>lh capacity and 
pressure increases more rapidly than the s|>ccd, and so the amount of charg¬ 
ing -increases with the speed, cmmteraclmg the natural decrease of volu¬ 
metric efficiency which would re.'^iilt if the intake depended on suction only. 
Thus at 1,800 r.p.m. on wide oiien throttle the pressure in the manifold is 
approximately one and thrce-nuarlcr inches of mercury above atmosphere 
and at 1.900 r.p.m. two and <»ite-r|iiaricr inc hes. The ciilirc rotary induction 
assembly is built uji ns a unil. and inouiUed on the aft end of the Liberty 
crankcase, being l)olte<l to the flanges ordinarily used for mounting the 
starter and water ptitnp. The ten to one step up gearing is cimnected to 
the crankshaft through a constant torque plate clutch which prevents 
breakage of teeth due to severe kiading caused by rapid acceleration and 
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torsional deflections of the crankshaft. 

The fan consists of a huh with twelve straight radial blades, with an 
outer diameter of six and one-half inches machined from a solid forged 
disc of duralumin. The mixture is drawn from the carburetor to the center 
of the impeller, but instead of flowing axially into the fan, which would 
cause turbulence due to the blades meeting the gases at right angles, it is 
<ieflected in the direction of the impeller discharge by stationary curved 
blades in the entrance to the impeller chamber. The mixture issuing at 
high vcIcKity from the impeller, is delivered through a narrow annular pas¬ 
sage to the diffusion chamber, and thence through a V fitting to the intake 
manifolds connecting the right and left banks of cylinders. On the back 
face of the rotary indiicthm honking is a standard starter mounting flange 
^the drive from the starter to the crankshaft being thr<uigh constant mesh 
idler gears. 

The pr(>|>cl]er reduction gearing use<l in the Model \'G«1.4]0 is the Alli¬ 
son Epicyclie type and I'* fitted with spring coupling which effectively 
prevents breakage and excessive wear of the gear teeth, The reduction 
ratio is five to three. lVi»]icllcr rotation, same as crankshaft. The use of 
this gear reqnjres a special crankcase and crankshaft 

QUFSTIONS l OK KKMFU 

1. Outline necessary iirecaiiiiorih in rcimnin^ l.ihcriy xjimUr etif^ine^ from 
shipping crates. 

2, Describe steps in process of prc|>ariiiK l.itH*riy cntfiin* for >ervicc. 

2. What part.H of Ihc iftnilioti system nerd nispcTlMiu' 

4. What is done to start l.ibcriy ciikiim*' 

I. Outline seme <4 the causes of Inmldc m 1.liberty cnicmcs. 

6. Haw often should LiUcriv cnMincs In* overhauled' 

7. What is the electrical enuipnicnl of the Libcriy ciifjitic and why is battery igni¬ 
tion used? 

6. Outline pointa in camshaft liuusing iinit'> needing; iiispeclhm. 

9. Describe construction of Liberty eiiKinc od and water pmnps 

10. What process of timing is u.sed to insure synchronization of ignition and why 
rr. it necessary? * 


END OF VOLUME ONE 

Complete Installation, Trouble Shooting and 
Repair Instructions for All Leading Aircraft 
Enpnes of Recent Construction Given in Vol¬ 
ume Two. See Table of Contents for Summary 

of Data. 
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six •cylinder engine Mstion. filKV 
tcn*cylmder engine. K(y» 
twenty-cylinder eiig>i>c. 8ti9 
W type six-cy hiKler engine. KIM 
lubrication, 1928 models, 5(U. 
hibricMion of. 5(H^ 
six-cylinder engine. 807 
six-cylinder engine, sectional, 808. 
ten-cylinder, W>S. 
th ree- cy 11 nder coi i st r uctn m. KU3 
Y form lhree*cyUnder engine, 818) 

Areas of circles, 157. 

Arrangement of cooling fins, (xkl. 
cylinders, 182 

Assembling camshaft bousing. I.ilicrty. 941. 
Liberty connecting rods. 959. 

Liberty engine, 959. 

Assembly, connecting rod and piston. 691. 
of Scintilla magneto, 407. 

Wnght connecting hmI, 7,U 

Attendu fuel system, elements of, 91. 
solid injectioii engine. 90. 

Austro Daimler engine early cro>s section, 
622. 

Auto and aircraft engines differ. 753. 
and aviation engines differ, 641. 

•Giro, Ciervi, 7. ' 


Automotive Diesel engines, 351. 

engine connecting ro<ls, 734, 

.\vailnbiliiy of aircraft l>iesel engines. 89 
Available air Cf>otirig area. 628. 

Average suction, pulsation effect. 278. 
Avuttoii engines, co<i of. 38. 
crankshaft speeds, 619. 
life of, 35. 
muM lie light, 19. 

sparkplugs. 448. 
types, 802. 

n 

Itahbiii siHi’dic.tlir.iis. R.AR. 789. 

Hack pivsMirc rtNluctinn, 527. 
vniics. 674 

Itnlaiu'ing itMiiuviing rods. 764. 
crauk^vliaft. 7ri3. 
diiianuHiicicr. 152. 
nigiMc iKiris. 7<>4. 

lUill and Hall carlnireiiir. 256, 257. 
l»«riiig ('■miHHiiiiK ro<l, 739 
disiniMitor gear. 419. 

ItalliHiiis. dirigible. 4. 
lUirlim' fnci pump, 239. 

Itarnclts cngnic. 

jlMrrid-l.v|»c ciiginr definition, 33. 

1 bill cry ipnlioii. fhdeo. 442 
nugiHio Ignition, 374. 
flaiiriH* .11 id s|K*cdic gravity scales, 205 
gr.ivity. 20.S 

liavarv coin( m mud no^rlc. 2t^, 
lbi>cn*'>hni Motnrm tU-stdlsclufi. 829, 
Hearings. aiMi-frictsni. 775 
ball .ind rMlltr. 776 

beat at bjgli siiccdv. 621. 
ml griK»vcs 6*r. 4t»7 
»»nrt,icc', l.dxirly pistcais, 952. 

Mcllinvs pump. bi|lrx. 240 ^ 

K<*iicli ms|ieviinii, Stroniberg carburetor. 

315. 

lUn/ lOtbhrrrsepowTr engine, fk»8. 
details 

motor fwrts dimensions of. 872. 

Kni/ol and Miinlar fuels, 2(J7. 

HerliiKT hclUxijilcr, 7. 

I4crling magneto. 379. 

distributor. 38.1. * 

mivrrnptcr adiusiment, 383. 

UM'.Uxng trouble. 3H4. 
lubrication, 383. 

setting. 381 
wiring diagrams. 380. 

Hevcl driver, l.i1w*rty water pump, 948. 

valve scalings. 603. 

Hiiiuiior planes, 9. 

I lip lane vs, ninno|»lane. S. 

Hladc and fork rods. 735. 

HLau gas as fuel, 209. 



INDEX 


Block ca^tin^ advanUgvs. 561 
of cylinders. 561. 

Ulocks. SciittilU dUtributor, 401. 

Illowback and suction pvisaiions. 277. 
Blower for Renault cylinder coolioK. 841. 
Hlowinc back in valve finting, (>7d, 

B.M.W. 395 horsepower, 178. 

BnilinK points of water. S53. 

Bolts, alloy steel. 798, 
for cylinder rciemlon. 797. 

Booster connection, Si'ionlla. 403. 

Bore and stroke ratio. 617. 

Bores, linisliiii}t ryIiinler. tiHl. 

Bcisch. Roliert. mattnvlo for 0X5. 392 

TionriHHivillc rutury valve. 001. 

Brass, reil, 792. 
to l>e bru7eil. 794. 
while nickel. 
yellow, 792 
Braxmit solder. 794 
Breaker, SnniilU. ^^7 
Splitdorf pivot less. 441. 

Hritudl lest iifr lianlness HOIl 
Bristol coniiieiisatiiiR valve Rear, 610. 
ludnction stnral, 272 
Jupiter, tiflK 
vranksliafl. 703, 
engines. 

engine sii|K*rcharerr, 344. 
ex^lau^t sy si ell I, 531 *532 
push rodv. 611 . 
series VI, 271, 

Triplex carburetor, 209 
nroitKc alUiys. S.A K. 794. 
aluminum, 7*w» 
for barking hearings. 796. 
for valve M^t in'*eris, 671. 
hard cast. 794 
manganc.se, 7*>Z. 
plmspbor, 795 , 

phusjdior gear. 795. 
seini'plastic, 796. 

Browns gas vacuum engine, 27. 

Bushings, Lilierty crankpm. 9s7. 

C 

Calibrating Stromberg metering jets, 317. 
Cam'and cam gear uf Gnome. H19 
Cameron bO'horsepower sectional view. 666. 

engine (sectional end view), 667. 

' valve location. 666. 

Cam followers, 581. 

Caminez engine bas no connecting rods. 

745. 

(acetioD plan). 744. 

Cams, valve lifting. 580. 

Camshaft honsing units, Liberty. 938. 
method of driving. 51kl. 
units, Lilierty. asseinblinf, 941. 


Canton and Unii6 Salmson engine. 811. 
Capacity of metering jets, testing. 316, 
Capped steel air-cooled cylinder, M7. 
Carbon deposits from oil pumping, 485. 
formation in cylinders. 210. 
rale of, 216. 
retarding, 218. 

in all oils. 472. 

pile rheostat indicator. 129. 
steel liolls, heat treated, 799. 
stnh. S.^.K.. 782. . 

Carburet iiMi accelerating wells, 257. 
air charge in, 27.1. 
air teiliterature effects on, 323. 
Idowliack effrt ts, 277. 
effect of valve tiverUp, 274. 
faults causing luird *«tarting. 910. 
causing mivhriiig. 911. 
causing n>otc»r to spip, 010. 
causing lunsy operatiun, 911. 
causing racing motor. 911, 
induction spiral for, 272. 

of fiMuiiie engines. K22 
principles, 244. 

rerinirrments of bring mixture. 273. 
siictiun pulsaliuns in. 277 
system faults Kunuuarirrd, 910. 
troubles, 8V7, 

Cariniretors. accelerating system in. 282, 
adjustment, siiiiptr, 2<i0. 
air licnirrs. 324. 
ahitude ad|us(n>ent. 296. 
all it u dr Control by air ports, 298. 
ahittKlr control by float suctimi. 298. 
aviation. 252. 

Hall and Ball. 256, 257. 
bench inspect i<»n, Strtmiberg, 315. 
Bristol Triplex. 269. 

Claudel. 2SI. 

Oaudcl difTiiscr for. 252. 
ctimpound iiozric /.enith. 263. 
concent ru* fltnl and jet type, 251. 
early va{Miri/ers. 247. 
designal tons. Stromherg, 280. 
differ on various engines. 279. 
float action ami fuel supply, 286. 
float feed. 248. 
float valve, 288. 

Gikome engine. 821. 
idling jet system for. 293. 
inspection and overhaul. 314. 
iiistallaikiu, Lorraine, 321. 

installation. LeBlond, 322. 
insiallalion. Stromlierg, JIO. 
insulling on ciighic. 311. 

U Kltone, 834. 

mam discharge assembly, 290. 

main jet sysletns, 290. 

Master multiple jet, 259. 

Maybach's early design, 249. 
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nictenng jets for, 316. 
meterinff pin, 255. 
muunihips. Packard engines, 319. 
muhiplc nc»/Tlc. 255. 
parts, Ti lazier. 259. 
part**, Slnxidterg, 285. 
routine uispcctum. 313. 

ScheUlcr, 251. 

settings, Str^jmherg. .105, 309. 
startiiiK prrjceilnrc. .112 
Sironil»crg aircraf^. 279. 

Stnnnljcrg NA-K series, 301. 

Stromlwrit SATA. 278. 

Stronil>ffK S scries. 2W. 
wlial it sluniltl d<i. 245. 

Zenith duplex. 265 
Zeinilk'I.dierty. 266. 

Cards, imlicatur. 109. 

Iiuw used. 132. 

Cast* liar (I Clin I craiiksli.ifes, 768 
gnules, 009. 

Cast Urass alloys. S.\F.. 7^2 
fms Inpival. (>4I1. 
cylindiTs willi liners. tHl5. 
iron air-couk*d eyliiKlcrs. tt-18 
Casting rylnitlers in leiiiv 5(f5 
Castor oil 111 (*iNiiiie niKiiics. 477 

physical and ilicniical proixflio. 47.1. 
spes'iliciUums. 472. 

Catalytic action. 210. 

Causes of heal li»sv In enRines. 115 
Centrifiigal cnmpresmrrs. .145 

tori'e on CimntsiniR riHl rolK. 741 
superchargers. efliciiiH*y of. .142 
Change of all it tide. cfTei t <ii. 2i»l 
Chaiignig accvleraiiiig well Imitc. .108 
dirtsmai of magneto rotatnai. 415. 
Characteristics of uk.il ignituai. 44.S 
of pre war cnKiiu'>. K7.I 
of Scintilla niuKiirto. .195. 

Charge distnlinlhiii, Idowers for. 344 
stralihcd. 79. 

distnhntum in engines. 51 
ChargniK l.ilicrty kit I cry. 937. 

niagncis. Sc hit d la. 413, 

C'liart.s for ruiuircil liorM*power. 22 
.showing airplane sign'd nicrrasr. 2fi. 
showing heat energy iitili/atKMi. 65. 
.showing pinion v^'nfl teiuiicralitrcs, 700. 
Checking float level, .^tnmilierp. JI3. 
Chemicals, ami'Knuck, 212. 
cumpo.sition, steels. 782. 
proper! les of caaior <ul, 473. 

CImrtnnim steels, S.A K., 783. 

ViiiHdium *itevls. S.A.Fm, 784. 

Cierva Anto*Giru. 7. 

Circles area, 157. 

Circle, circumference of, 157. 
division in degrees. 672 


Circuit, magnetic, 363. 

diagram. Liberty ignition, 935. 
Cirenniferential Aiming best, 639. 
Classificaiioii til engines hy cycle, 31. 

engines hy cylinder!!. 32. 

CUikIcI avblioii carburetor. 252. 

carburrtetr. 351. 

('leal I mg Sciinilla parts. AQ(k 
Clearances lietwmi l.ilwny engine pari> 
971. 

electrmk. 417 
fur piMuns. 711. 
in valve action. .582. 
varying a fleets oiling. 490. 

Clerget engine details, 8.19. 

Clushig mici valve. 675 
C«al prcMlnccs IkiiimI fuel, 20Cu 
(*cnl, Si'uitilla, 3W. 

Cold engnH*. pniniiiR to surt. 256 
( olleslor ring. Siviiieiis eshaust. 528. 
Coinl»ini*<) an port and suciiun control. 29H 
ConiliiisiNMi chainlwr design. .5<i7. 
foiins. 116 
(»il III. 7.81, 
tests, Ricanki. 574 
hiHiieiMe id tiirbulenec on. 79. 
tlTlMTSS. 78. 

( onijiicrcial cvlniders. design of, 201 
('laiiiKiraiive vsTiglits, ignition svstrni>, 375 
t\im|Kiimg two- aiul i«tnr «ycle typts. 5l^ 
(*»aiHwns.itnig valve gciir, Itrisiol, tdll 
('laiHwiisntiir in Zenith c.irlnirHor. 2ti.1. 
('f»iiH(osiie air'CooWd cyhn<k*rs. (j 44 
piston. 702. 
rings. 724. 

<'uiii]Hisiiioii of Mil for valve stem filling. 

(• 6 , 1 . 

t*oni|Mintnl norric. Havary, 264. 
pisPni rings. 731. 
valve piniigers, ^.S82. 

('taiipiesMun, factors limit mg. 112 
funnily tif ]ierusides during, 215. 
ill] eel ion engine. Nttcndn. 91 
pressures, chart for determining, 114. 
ratio, increasing. 107. 
valiK' in explosive inolurs HO. 

Cuniiircssors, (laieral Eleitric, 345. 
('oiii|HiiatHin5 for ten literal ore, 71 
Corninning engine pc»w*er. 134. * 

ruiieeiilnc fksit and jet lype caHmretor, 

251. 
rings, 719. 

valve uficrating rod and tube. 583. 
valves. 578. 

V*. eccentric rings, 719, 

Connecting rod and piston asseinhly, 691. 
anti-friction, 741. 743. 

Anzani. 800. 
assemlilmg Lilierty. 9S9. 
assembly, l.«RlkOfi«, 835. 
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baUnctns. 764. 
ball bearing. 739. 
hig enrb, split. 745. 
blade and fork. 7.15. 
checking for aligmnetit, 9S4. 
early Gnome, 7.13. 
for raJial engines, 738. 
farm**, 731- 
Hall-Scott. 862. 

Lc KliniH*. 831. 

Lil>frtv, 95.1. 
link, 738. 
master. 7.VI. 
roller Iwarmg. 740. 
sections. 7.15. 
types, 734. 

Vee eiiRmr. 7.11, 736. 

W engine. 7.11, 

X engine, 7.17 
Wasp MaMrr, 7.W 
Wfighl Whirlwind, 7.1.^ 

Crnisiricntion of airernti lii'c*.. I 
Omstani level splash '•ysum. 4H0 
pressuri* expansHm. 61 
Cnn.strmiion nf cinnkslinfi. 755 
early llrnr mnior, fki*! 
early MerccHli*'. (Migmc. Kftfi 
early Wisconsin nigiiu. K>7. 
flrkxi valve. 288 
finonic cylinder, K27 
Hafl*5cot( CMRNies, Mr»l. 

l.e KI lone engi nr. 8.13 
l.lWrty mnior, 85.1. 

?. and W Wasp cvlnider. 6I5 
Contact breaker assemldii, .Ssinlilla, .W 
frnnts. Scintilla. 417. 

Control of oil iciniKrainrc, 513 
Conversions, metric. I.5't 
of Ills. |*er liorsrpcmvrdi(»iir |m IhiiikI 
measure, 216. » 

of miles per pal 1 o liters \ht ItHt km . 317 
table, tlicnnonictcr. 5.5. 

Coolant for Hullo Oninler, tiM4 
Cooling a (Teeter I by mMiiirr. t»3(l. 
aif supply, effects of. t>3t* 
by itosUivc water ciiciilaium. 541. 
engines by direct air lilasb 
exhaust valves. fi55. 

Bn arrangement. 633. 
dimensions, 634. 
heat Bow in, 635. 
oil by radiators, 513. 
system, Blling Liberty, 921. 
for engines, 540. 
lieat loss it>, 78. 
why necrlcd. 534. 
valves, mercury fur, 663. 

salts fur, 663. 
temperutnre regulation. 546. 

Cost of aviutKiii engines, 38. 


Core print npmings in w*all5 of water 

iackei. 5ri2. 

CounterbaUitced crankshaft. 758. 

Couples m two-cylinder engine. 747. 

Coiiplings for magnetn drive. 377. 

Cracked gavihne. 3fM. 

Cradle ty|ie dyiumwHiirter, 13$. 

Crankcase. Itarrcl type. 774. 
exaiimiaimn, l.ilierly, 959. 
draining ml trmii, 47^1. 

I'lat A 3ft engriir, 7t»7. 

for eight cylinder Vee ciigiiH*, 769. 

forged dural. 771 

for radial engine. 771. 

for >lnlK* ladial engine. 773 

lion/mil.itly divnlinl, 77ft 

inffnriiiT of c.iinshafi Icxainm. 7t*K. 

l.ilteriv engine. 775 

of (iniHiic enginr. 77.1 

of Ken.ndt engnw. 84.1 

I'nckard \ nigiiic. 774. 

Crank pm Inisiniigs, t.ilH*rly. 9.s7 

O.niksh.ift allm' stfcls. 7<K> 

.md camshaft. IbdLSrcrtl. Wxl. 
anli-friiiimi. 7.5*1. 
iKil.inciiig iiicihtKis. 7t>3. 

Itnsiol Jiipilcr, 7o3. 

lull It uii. 7ti3 

(as4« liarrkiied, 7fiH. 

coiisirnciimi, 75.5 

(iMiii(vrlial.iMCiHl. 7.58. 

drsign. 747 

r-ial A2ft. 7<31. 

for radial engines. 7<»3. 

four* and six-throw. 7.s7 

Lilwrly, 

main I'carinc coinlnnations, 757. 

NapHT Lion, 76t. 
of Wasp. 7.Vi 
s|trt'ds. aviation engine. 619 
s|M>r4|s. Umile<l l>y vihrsilimi, t»2ft- 
steel, non mill zed. 765 

( rude iictmlrnni distdlales. 2lKl. 

Ciirn'Dl milpiit rcgnUtion, 456. 

Scintilla high tension, 4ft3. 

Curtiss 012, .Vj.1. 

I>12 vnlvr scat, MM. 

eight-cyltinier early, 187. 

iiHtriirtion airplane. 8. 

niotors. early, 848 

OX compound valve plitngcrs, 582. 

OX engine imiaftatum. 881. 

OX engines, mlnig. 484. 

0X5 engine. 849-X50. 

OX.1 (fisHit view). .583. 

0X5 installation. 223 

0X2. 9U UiirKciaiwer. rear view, 266. 

twelve-cylinder Vec engine, 183. 

Curves, actual exiMiissm, (M. 

air-cooled cylirnler performanee, 538. 
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for internal energy values. 102. 
showing torque of engines. 181. 

Cycular functions, actual duration of. 176. 

Cylinder air coding area. 628. 
alloy head cast on steel. 644. 
alloys, proi>enies of, 650. 
arrangement, fan. 101. 
arrangement, how it varies, 182. 
arrangement, radial, 101. 
assembly. I jherly. 950. 
block ca.Htmgs. 561. 
here and piston finish, 713. 
bores, finishing. 081. 
bores, Hiuto Grinder for. 682. 
bores, finishing Whirlwind, 685. 
bores, honing and lapping, 686. 
cast in pair.s. 565. 
cast iron, 648. 
cast iron for, 651. 
constrticiion. composite, 644. 
const met ion. Tiat, 5f>4. 
construction metlxMls. 550. 
design of cunnnercial air^coriled, 201. 
for air cooling, 631. 
grinder in use, f>85. 
grouping in btm'ks, 
head Y alloy, (49. 
heads, acIvaiM^igcs of 1 form, 641, 
heads, allnys for, (49 
heads, Silicon alloys for, 649. 
heads, spherical and roof, 643. 
Hi^nuo-Suira, 567. 

Miead, 576. 

iron, nichronic improves. 653. 
l..-head form, 573. 
large air-ctH>led, (42. 
machining. Gnome, 826. 
materials, 647. 

nunilier. infincnce on shaft design, 747. 
of Curtiss engine, 5(A 
of Liberty engine, 506, 569. 
off-set, 6^. 

oils, properties of, 469. 
retention bolts. 797. 
roof head, 668. 
semi stveU for, 652. 

Steel with alloy cap, 647. 

T head form, 573. 

Wasp engine, 615. 
water*cooled fonns, 569. 
with bolted heads, 645. 
why odd number is used. 821. 

D 

Decimal equivalents of sixty-fourths, 161. 
fractions to millimeters, 161. 

Defects in fuel system. 897. 

Definiiiofxs of engine types, 33. 


of friction, 463. 

of internal energy values, 164. 

Degrees, divtsioc of a circle in, 672. 

Detco battery ignition, 442. 
distributor. 446. 
wiring diagram, 443. 

Derivation of lubricancs. 468. 

Design considerations air-cooled, 550. 
for roller hearing rods, 743. 
of air-cooled cylinder, 625. 

DeterminalHUi of carburetor setting, 305. 

of engiite power. 133. 

Determining com|>rc^>ioA pressures, chan 
for. 114. 

jet si/e. tiuin metering, 307 
Detonairon. influence and nature of, 123. 

prevents 111 , HO. 

Deuir Diesel const met mu. 93. 

htgh-s|W€d Dievl. 92. 

Devclupii>ent hiMury. eiigiikes, 29. 
of air^ciMiled engines, 533. 
carl Ml retort, 249. 
engiue>, future, 37 
Diagonal cut ring joint, 726. 

Diagrams, .idialuiic aud isothermal expan¬ 
sion, 70. 

Driro wiring, 443. 
of Gixtme nuumsoupapc timing, (>B0. 
showing iNtinplete ruling \vMein, 498. 
showing Scintilla parts. 398. 
explaining ;iir-h1ced principle, 281. 
explaining salve inning. 676. 
showing wristpin retention, 690. 

Diesel eiigiiw acimn, four-stroke, 82. 
automniive. 351. 
ccxiiparcd wilh others, 352. 
l>uu high speed. 92. 
fuel atiMui/.iiiion in, 87. 
high speed. 85. 
marme, 85. ' 
of aircraft. 80. 

Peugerd Junkers. 353. 
two stroke action, 82. 
two-cycle. 73. 
four-cycle air injection, 81. 
mean cffeviive prc'^sure low, 86. 
scavenging, port and valve. 73, 83. 
DifTiiser. C'lHudcl carburetor, 252. 
l>iniriiH>nfi5 of ciMiling fins, 634. 

Direct air cooling methods, 549. 
fuel system, 242. 

Direction of air blast important, 631. 
Dirigible balloons, 4. 

Disadvantages of rotary motors, 823. 
of (wo cngiites, 11 
of vacuunt fuel feed, 23S. 

Disassembling camshaft units. 938. 

Disc layout for timing six cylinders, 677. 
Dismantling Scintilla magneto, 405. 
pistons, Liberty, 951. 



INDEX 


vii 


DistilUtcs of petroleum, 20^. 

Ui^ributor block electrode ckaraoce, 417. 
blocks, arrangement of. 412. 
blocks, Scintilb. 401. 

Delco battery. 440. 
gear ball bearing. Scintilla. 419. 
gear bearing adjustment. 421. 
gear bearing asscmlily. 421. 
gear me.di, adjusting. 417. 

Lil>eny engine, 931. 

Distribution uf mixture, static radial. I9K. 
Dixie magiketn, 3H5. 
care. .W7. 
principles. 386. 

trouble cyliiKler fiiginf forms. 32 
piston two-cycle riiKii>r. sujierchargfd. 52. 
magneto. Split dor f. 4.17. 
model Sin>mlHTg carburetors. .ttl2. 
sleeve valves. SK. 
valve springs. 585. 

Draining oil (mm cfankca«e, 47v. 

Driving cainsliaft, S83. 

metbods for niagiictns. 370. 

Dry sump system l»csi for airplanes. 4K1) 
Dry weight of engines. 27. 

Dual mugneti*. twn s|a:irk. .Wl. 

Duplex curburclor. 7nntli. 2o5. 

Zenith inspetiujii and care. 

DiiraiUni of cyculur funetiiuis. 176. 
Diirator irnii piston. 7lf*. 

piston ring. 717. 

Dynamonielcr, lialanciiig. I.S2. 
cradle type. l.Vi. 
fan ty|>e. 137. 

Hecnaii Fell air brake. 147. 
electric, 1.39. 
water brakes. 141. 


Early engine parts, .Stnrtevant, 6^2. 
engiiie.s. Kd2. 
gas engine operation. 68. 
gas engines. 29. 

Gnome engii>c constrnctkMi. 814 
Mercedes engine, sectional view, 117. 
rotary engines. 192- 
rotary engine Installation, 80(1. 

Eccentric piston rings, 719. 

Effect of altitude change^ 261. 
of gas velocity un power, 604. 

Efficiency, actual heal. 96. 
maximum theoretical, 96. 
measuring heat engine, I2U. 
mechanical, 96. 
of air cooling. 534. 
of centrifugal superchargers. 342. 
of converting beat to power, 77. 
of engines, 96. 


of engines, measures of. S6. 
of oil pumps, S(M. 

Eight cylinder engine forms, 33. 

Vec valve timing. 676. 

Eighteen cylinder engine forms, 33. 

Electric circuits, Scintilla, 400. 
dynamometers, 139. 
generators. 455. 
ignition xysiem parts, 360. 
wiring, Liberty insialbtion. 915. 

Electrical r<|uipment, Liberty engine, 929. 
ignition best, 300. 
fiperaiion. Scintilla. 401. 
oprmiiiui, SpliMlorf type 5S, 4.35. 
piinip. Stewart. 2.37. 
tests Scintilla nuigiirto. 410. 

FlectricMv and magnet i>m relaietl. 364. 

Klniients uf eleifriral ignitiun system. 360. 

Emlosiire of valve gear, 613. 

Knd play in Mtainig magnet, 416. 

Knginrs action, four cycle, 43. 
action. I.e Kbone, 635. 
aircraft Diesel. W. 

Ailrndii solid iiijcclinn, 90. 

.‘inluitMrtive Diesel. 351. 

Iiase convtrurlion. 7<i6. 
hs'il dimriisinns for Liberty engine, 913. 
carburebiTs differ, 279. 
causes of Wat loss in. 115. 
cbaracterifliirs of American pre-war, 673. 
clasMlicatioii by cycle, 31. 
cbsMOcation by cyli niters, .32. 
comparing two- and ff»urH:yc)e. 50. 
conipressKHi ignunm. 91. 
computing power of, 134. 
eoniierlinK cckIs for. 731. 
t ooling systLfns, 524. 

crankcases for, 768. 
crankslufl siweds. 619. 
cyliiulers fur. .57.1. 
cylmdcrs. cunsiruction of, SS9. 
delonatmn in, 12.1. 
devrUiiHUcnt. future. 37. 
devHfifiment. history uf, 29. 
niewl two-cycle. 73. 
double cylinder. 32. 
early aviation, 802. 
early ras. 29. 
early (iivxne iletails, 820. 
efficiency factors, 97. 
efficiency ffgures lor. 96. 
eight-cylinder (ontis, .33. 

eight* and twelve-cylinder, 176. 
eighteen-cylinder forms. .33. 

Farman $upcrcharge«l, 337. 
firing balance important. 765. 
five-cylinder forms, 32. 
form of four-cylinder. 32. 
fourteen-cylindn forms. 33. 
friction losses in, 132. 
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iuet efficiency in» 66 

full and variable load, 47$. 

heat diitribution in high ^peed. 101. 

heavy alow speed, 34. 

high speed OiescI, 85. 

hmt« for starting, ^>1. 

Hispanu-Sniza W type. 184. 
idling, carhuretur adiuslinciil for, 295. 
ignitim systems. 359. 
indicators for liigh stMTtU. 127 
1 nsta I lut i( >n. c* a i ve i it h >i lal. K80. 
light, for aviation. 19. 

Inhncation prttlOcdi. 48K. 
mam lytirs of. 
materials usetl in, 77K. 
limit i'Cylincler ailvanUKes, ln7. 
nine* cylinder forms, J.V 
of 1918, forenu»st, K7K 
uiierating principles. 43. 
pans, alloys for. 780. 

IKirts mid funcUMns, Kcl 
pans, ]ic»w halancvd. 7<»4 
parts. tcinp«*ratiircs of. .52.1. 525 

IVugcsii-JniikcTs liusel. 353 
jierfonnuncc, improving. IU5 
piston and ciaimrtiug rod f(»r. ti'Jl 
pistons, Ccmsirmtion nf, f)KH 
power dctcrininai loll, l.tJ 
|K>wer increase by lugli s|Hvds. 119 
power needed, factors inHnennng, 211 
recinire many sparks. 375 
power, rctimsiles for Iksi. 77. 
«ieveit*cy]iiKler forms, .t2. 
«ingle*cylni<lrr, .12. 
six^cylindcr foriiiH, 32 
sixteeo'cy Under forms, .’ll 
limited by proinrller. 17. 
slivve valve. 592, 594 
speeds, factors UiniuoK. 120 
Sperry oil. 357. 
starting by propeller. 889 
starling, prq>ar;i1ioiis ii»r. K9(]. 
static rmlial. 193 
ctoptKigc anulyr.ed, tytncal. 893. 

.supers'bargers. spivd increase by. 120. 
lempe rat lire affects power, 5tl7. 
temperature of air^cooteil. 52o. 
ten-cylinder forms, 33. 
terms dcrnied, fi8. 

testing, electric dynamometers for, 139. 

testing. I.iberty, 90K. 

texting Tneihcnh. 135 

tests, water brake for. 141. 

theory of beat. 67. 

ihree-cylinder. 32. 

timing. Lilierty, 963. 

troubles caused hy ignition faults. 907. 

troubles sutmnarized, 902. 903, 904. 

troubles uhulated, 901. 

tvcelve-cylinder forms, 33 


twenty-four-cyUnder forms, 33. 

two-cyck. 45. 

two<ylinder, 747. 

types ikfincd. 33. 

type tabulaljon. 31. 

valve timing. 670. 677, 678. 

water cooling systems, 541. 

weight-horsepower ratio. 35. 

wet and dry weights of, 27. 

why more than four arc used. t7. 

with uniform lorcjne. 179. 

Wiight Whirlwind. 193 
FlbyMcad fuel yciKMi. 211. 

Fvlianst liack ]>ri*ssnrc reduction, 527. 
ebrsing, inlet evening. Ii73. 
ckisiHg lag. 673 

gas umttlvrK. 5^) 

Miemvr. l>Aming. 5.10. 
system, Hristo] Jupiter. .S3I. 
valve viHibng. o.5.s. 
v.dvr lead, why given. 673. 
valve o[H*iniiK. advanced. 672. 
valve riA'ker. Wasp engine. 614. 
b'N|Hiidi*d lit vahr scat in serfs. 07l. 

LxiKiiisnai. adialiatic. o3. 
cnrws, .utiiid. (4. 
isotlicriiul. f*2. 

ot gus at constant pressure. 61. 
r. Menu I Ml ling system turis. Wasp. 493. 


Factors governing fuel ci'oiKimy. lUO. 
iiiHuencnig oiling syMcm. 473. 

Ill Duel King faiuvr nccdt*d. 2U. 

Inmtmg ctNiipresMoii, 112 
Inmiiiig engine s^ieeds. 120. 
of sifely. air •cooled cylinder. 048 
Fall dviiainonictcr. 137. 

1*01 m oliudcr rrraiigcnu*nl, 191. 

Fa ri nai i eigl it ecu • cy 111 idcr 7t HJ- h< >r<epo we r 
engine. 337. 

u)verted engine oiling. 497, 

SMiirrcluirgvd engine, 337. 
supcrc barger nisia I lat u m. 3,k k 
Faiiltd m oiling systems, 899. 

Feet nn coiniectmg nal ends. 835. 

Fiat A20 crankcase. 7o7. 

crankshaft, 7f<0. * 

eng like pan. sectional. 568. 570. 
engine section, 770. 
engine vybndei conMrnvliun, $64. 
wet lM>er type cylinder. 568. 

Filter stop, adjusting, 417. 

Finish of pistons. 7(kk 
Finning, cmmmferential. 639. 

Fin< fur cooling. <i34. 

rectangular Mfction, 636. 

Firing balance important, 76$. 
mixture, requirements of. 273. 
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order, Le Rhofw, 837. 
otder, Liberly enpiie, 920. 
fxtiat, Ubeny, 9b.i 

Fating Liberty connecting ro4) bearings, 
9S5. 

propeller hub. Liberty. 957. 

FivC'Cylinder engines. 32 
Fixed ignition (iniiiig. bZS. 

Klasli (esi of oiU. 47 } 

Flislit. carbiireicir Rout aclHsn ni, 2K7 
reliieling m, 22K. 
resislaiKe to. 22. 

Float action ami foci suppU. Slncnlcrg. 
286. 

chainkr air vciils, 2***^ 
chamltcr smtn>n v^mtnd, 2*^ 
feed e.irbuictor i1i*vcK»|iiikiii. 248 
ojieratUMi in ditTeniii iHixUHrfis 2K7. 
parts, inUTrbaiigi'abdiiy of. 2S*) 
valv'C oiflsiructuin. 2KK. 

Fbico .\7K engine, 2K. 

Flow of ga^ III aiul mu i.vlimkrs. 57n 
])cal 111 cotling fins, r05 
mcieriiiK jets, laluiUtimi ol. .Ut 
Flushing l.ikny Inuery, '>.r 
Followers valve eani. 5RI 
Force feed ml systems, fniilts ni, -W* 
lines of imigneiic, .Vil 
iiiiIm lanced lu loiir*c>hmlt'r tnuiiic.s 75f) 
Forgeil dural ciaiiUasr. 771 
Formation of iwrosKks. 215 
Fonns for engiiH* tests l.^l, 151 
of early gas oigmes. (>8 
of siaiuUrd pis|4iiis ftK*) 

Formiihe fm* liorM*|hmn. 1.U 
[nr horsepower nrerled, 21. 24 
ring iron, 722. 

Four- and six-thniw cr.iiiksiKilts, 757 
I‘our*cyclc air inicrtHm Oiesad. 81 
engine action. 43. ^ 

engine pision ntovcniems 4(i 
cylinder arrangrtncnis. 172 
cngiiK. VI brail on m, 749 
eiigine, swfm'ua: of ivifit-. 171. 
engine planes. I5. 
stroke Oicsel engme action. 92 . 
valves per cylimlcr, 607. 

FourtfcnH*>lender engine torms, 33 
Fresh oil systems 5liS- 
Friction dehned, 463. 

horscjiower. measiinng. 152. 

' fosses m engines. 132. 
of hall and roller bearings. 52t. 
of oil 61m. 466. 

Front end plate, ScmtilU. .199 
Froude dynaniomeier const ruction. 143. 
torque meters. 140. 
water brakes, 143. 

Fuels, alcohol, 207. 


Benrd, 2D7. 
nian gas. 209. 

ccmlmawn effieiewj m engines, 6(>. 
nmMimplion. Aifcn cylinder, 629. 
ecrHimny, faetors gmTniing, fOO. 
feeil, gravity syMem, 221. 
fee<l. recent devices for. 234 
feeil. vaeiinm luvKier fot, 235. 
feed, vaimim system, 2.12 
(•emuM anii'kimek, 21.1 
innvrirai a prohlem. 355. 
mint Kin %v%rem. IViii/, 92. 

Ills, carlwrelor, 

Linwk Ilie«irfes. 210 
miMiig valve, nwrine, 247. 

Motahn. 212. 

pioiifrir> of |ii|iiid, 3M. 
inuii|i. Harlow. 2.19. 
pump, Inflex. 240. 
ininip. iViu/ l>ifrf*h *14 

imiiqi. Sicwan, 2.15 
leculnltrni. Ir KluNie. K,I7 
siramrr. Imin'Inmi nf. 288 , 

«ilp,»mer Ii|h% ,19 

MrHiirrs, utility uf, .427, 

-n|qdy and sloragr. 220. 

siipjdy, dupludgiu |mm|i for. 235, 
Mlp|dy frir Fuig fllRhls, 227 
'Hpplv s^NlMM, n.lll S^iit, 887. 
vMltply syNpio*, Mrw.iH, 2,15 
s(si'’m. air pressure, 225. 
sysicin dcfciis, 8**7. 
system rlinmaiine t.irhumor, 242. 
system, l»iM«ne. R27. 
system. INli'aim. 222. 
sysiwn. Trail and W'hiiuey. 224. 
sysleuis summan/iil, 24.1. 

stall, lyincal air service. 241 
transfer in AirIiI, 2.11 

Vidalility im|NirUiil, JOfi 
Kidf and lariahle load engines^ 475. 
F’limiHin of siramer. 28X 
<i( /eiiuh com|>ens<ilui. 2ri.l 
FnmlaiueiUafs of lliennoily nitinKs, 59. 
I'UsiMe sah» for valve cmding, 6ri2. 

Fiiinre a»rpUiie% 41. 
ilevekipfnml of engines, .17, 


Gap. ring, 72ti 

safety. 403. 

(•as engines, early, 29 

exiiansitin al vmisiant pressure, 62, 
flow into cylinders. 576 
velocity, effect cm pnw'cr, MM. 

(iases, ismbrmial and adialialic expansion, 
62.03, 

Uws uf, 57. 
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specific heal at constant pressure, 61. 
specific heat at constant ^ume. 61. 
Gasoline, air needed to bum, 24$. 
cracked, 204. 

pipioff for Liberty engine. 914. 
snhftlittites, 207. 

Gear bronre, phosphor. 795. 

pump for nil. An rani,* 501. 

General electric supercharger. J4S. 
Generator.H, drive shaft, Liberty. 943. 
electric, 4SS. 
for aircraft. 459. 

Liberty, 9.W. 
regulation. 45^i. 
voltage regulated, 457. 
wiring diagram. 4.S8. 

German anti*knnck fuel. 313. 

Giant airliners. R uni pier. 18. 

Gnome carhnretor. K2I. 

connecting nxlS. 81H. 
cylimler and piMoii, early, 81S. 
engine, 81H. 

engine carl mi ret ion, 822 
engine, early lyt»c (sectnuuly. 814. 
engines, luliricalion <if. H22. 
engines used casti»r oil, 477. 
engine valvt* gear, 819. 
cxhaiiM valve iinM inting, 817. 
exhaust valve npcratkm, 820. 
f (HI rtecii-cylimler, 191. 
fuel system. 827. 
ignilMin system. 823. 

**Motiosoupapc/' 824. 891. 

M(xiosoup<*ii>c t'«»iisiniction. 825 
MonoMMipatH.* engine sect mil, 825, 828. 
Mono'oupcipc ty|>e. 823. 
motor installation. 891. 
rotary engine. 892«89J. 
vaive opcrainai mechanism, 828. 
Graphite filled gtink, 070. 

Gravity fuel iced. 221. 

readings, Baumc. 205. 

Gray iron best ft»r rmg>. 721. 

Grinder for cylinders. Hnttc», (>R3. 

Iiead rotation, speed of, 684. 

Hutto in n^c. 685. 

Grooves for piston rings. 727. 

Guides for valve stem, 

Gun metal, leaded, 795. 

H 

Hall-Scntt AS 12S-horscpower, 887. 

A7. 884-885. 

construction. 861. 

cooling, 863. 

engine mstallution, 885. 

fuel supply system, early, 886. 

lubrication system, 477. 

oiling, 663. 


sectional view, 115. 
water system. 888. 

Hardness testing methods, 799. 

Hard starting, carburetion faults causinc 
910. 

Head cooling most importaot, 639. 

Heads for air-cooled cylinders. 640. 

Heat, a form of energy, S3, 
and work, relation of, 57. 
break skits in pistons, 703. 
dispersion in pistons, 705. 
distribution in high sliced engine, 101. 
distribution, Ricardo te>ts, 103. 
energy couveried lo work. 72. 
ei>ergy niilizalion, chart for, 65. 
engine efficiency, measuring, 120. 
engine theory. 67. 
flow in cooling fins. 635. 
insuhilcd piston hrnd. 7o2. 

koscN to cooling water. 118. 

losses ill wall cciuling, 100. 

ki^s to cooling syMeni. 78. 

iiirasiiring anunint of. 54. 

measuring intensity of, 54. 

prodm*rd by combtisiioii of air and gas, 

ni. 

r.*idMtion. law for, 634. 
s|iecific. at c<instaiit volume, 61. 

SircifH*. at constant pressure. 6l. 
inrionng of, 54. 

to power conversion, efficiency of, 77. 
treated cariKm steel ImltN 799. 
ireatineni of steels, typical, 7H(i 
Heaters for air. Wright JS. .124. 

Ilenvin I'ell air-brake dynamometer. 148. 
Hclu*j>pivr, 5. 

Berliner exiwnmenial. 7. 

Hrroti ex|>eriments w'lth air cooling. <>25. 
High engine speeds favor waiter cooling, 539. 
heat cooducttvitv m pistons, 706. 
oil (Hit let tetnt>eratiire. 509. 
speed Diesel engines. 8$. 
engiiH*, heat distrihulKin in, 101. 
heals bearings. 621. 
effect (Ml horsctxnvcr. 119. 
tensioii current distribution, 369. 
current. Scintilla, 403. 
magnetos, 370. 

wiring. Liberty, 932. * 

iiints for startup engines. 901. 

for trouble shooters. 893. 

HispatiO'Suiza. 567. 

cyhncler construction, 567. 

lubrication. 494. 

oil cooling systems. $14. 

Simplex model A, 847. 
twelve-cylinder W engine, 184. 

Honing and lapping cylinder bores. 686. 
Hopkinson indicator, 128. 

Horsepower chart. 158. 



XI 


iSlDEX 


increase by higher speeds, U8. 
indicated. 154. 
loading, 13. 

needed, formulae for. 21. 24. 
lloit$ingi Sc ml ilia magneto. 399. 
liugon engine, 29. 
iUitlo Grinder construction, 6ft3. 

for cylinder hores, 682. 

Hydrocarbons, fuels, 204. 

1 

Ideal ignitiun, cliaraciensiks ol. 445. 
Idling adjustment m rarhuret<lr^ 295. 
jet system, Strcimlierg. 29.1 
>yMetn, Stroml>crg, 282 

IgmiMHi, Air Ct»ri»s vM^riciue with, 373. 
Deiro hattcry. 442 
magneto \>i. battery, 374. 
refillircinenu eNad lug. .178. 

Nwitch in»|»ci*linn, l.dicrty. 9.15 
«.ystciu, cluractcristicK uf ideal. 445 
systems, conipanilivu wnghu of, ,175. 
systems, early. 359. 
system, (nioine moiur. 823 
system, radio shleldinK, 4Mi 
system}*, re<iiiirenimi.> of, 373. 

^ysl^m tnnibles, 89o. 
lime of. 675. 

tronblc^ smuman/ed. 906. 

two sparh, 4.M. 

wiring, I'arly Uenanlt, 845. 

I-licad advantages, 641. 
cylinders, 576. 

Impure charge, results of, 74. 
indicated liorsepimcr. l.M 
Indicator, ciirUm ink*, 129. 
cards useful, 132. 
cards value of, 109. 

Coll ms. 127. 

construct inn, Thoinjison, 125. 

lie Juliasr, 129. 

for high sfMxd vngiues 127. 

G. Al. C. 129- 
Hopkinscii. 128. 
optical. 128. 
sampling valve, 129. 
work of, 124. 

individnal ring ca.stings, 723. 

Induction coil trouldes, 9U9. 

• spiral, Bri.siol, 272. 

system, Ulicrly rotary. 910 
Inductor magneto, Sphulorf N.S9. 4.11. 
Inertia forces increaM? with speed. <i20. 

force* in Mx*cyliiulrr engine. 751. 
Injection of fuel ni Diesels, 355. 

Inlet of>ening. exhaust closing, 673. 
valve closing, 675. 
valve opening Ug, 674. 


Inserts, cast in valve scat, 671. 

for valve seats. 671. 

Inspectwm of cartmretor r<HUine, 313. 
of Liberty ignition parts. 935. 
of Liberty ignition system, 919. 
of Lihcrty water pump, 947. 

*of Splitdorf map Hi o, tyjie SS, 43f). 
of Zenith carbuictor, 8*41 
InstalUitiiMi ami njciir of Liberty motor, 91.1. 
drawing. Scintilla, 4lM 
of c.irluirclor ihi engine, 311. 
of Hall Scott ciignicv. K85. 
of 1* and \V. luixlnri: healer, 326. 

Ilf radiators. 547. 
of Scintilla inagiirto. 4tt2 
ol Sininil»cfg c.irlmretiiTs 310 
of sahev. 572- 
of Wright air stove. 324, 

InMaihiig varlv rotary nuiini's. K*KI. 

S«’Mrtill:i ii*«igucto, 41.1. 

Jn^riiiiioii airplane. Curios. K. 

I make hcmlers, l.ilierty, *U7 
luainfohK design td. 317 
liilernal ci a id Million iiigiiies, main tyfies of* 
29. 

riicigy vhUh**>. curves (or. 1 < 12 . 
energv v.iIiicn, tlehmlions. KM. 
wain CSV tied \dUv stem. 661. 

Iiilcrnally oaded v*ilvr 2 i. (i.S6. 

Inverted mg me defmitHni. .U 
riigiiH* iniiiuitmg, early, 879. 
engine oiling, t*arni:in. 4'/^. 

Lilx*ny aii-iXNile«l, 972 
Iron «vul stnd. how niagiuii/ed. 3ii3 
ft»r cyliiuliTs. iiirltmg, 651. 

IHslixi. diirator, 7lli 
(Miihernial expansion. (>2. 

1*1 w. (i*l 

l^itia-Fitiacliini V’6 oiling, 499. 

J 

Jei. idling. 2'>3- 

Mac ilctermiibiticni. Stnimberg carburetor. 
3VL 

^ystcm^ Stroinlicrg, 

Joints for piston rings. 721. 
piston ring, 72l». 

Junkers 1-5, .iMMiorseiKiwcr. 177. 

Jupiter engine insullation, 532. 
cAtMust ring, 5.13 

K 

Kerosene as grimier iTidaitt, 684. 

Kit. Semiilla rqiatr. 42(» 

Knight sleeve valve motor, 593. 

Knocking, peroxides cause uf. 214. 
Krupp'Diesel engine. 95. 
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La^ in exhaust dosing. 673. 
inlel opening. 674. 

Lanrhcstcr anti*vibraii<iii device, 7S1. 

l.appcd ring joint, 726. 

I^rgc cyiinclcrs air^ajoled, C42. 

Law for licat rA(tiati<*n. (tM. 
of ailiabntic expansion. 70. 
of gascs S7. 
of isotUcnnal cxpan%i<«n. 

Lead in csliutisl valve n|irniiig. 673. 

I .ended gnn iiuial, 7*^3. 

Leak |>nK>f piston rnixs 72* 

Lc BliMirl 6ve«e>liml(T vug mu*. M2. 

(ycft-hand cngiMC clvhnilnni. 3J. 

Left Mtlc (»r engine tldiiiUiiMi, 33. 

l^nnir engine, 29. 

Le Rlioiiv varlnirctor. 834. 
voniiceling r<Ml.s. K)l. 
engine, K30. 
engine aciion. H.^5 
Incl rcgiilnurm, W7. 
vah’e oritiiitKMi. K33. 
valve tiniing, KVt. 

L*I lead cylicukT, 573. 

Lilicriy air-riKdcd cngim*. H5(i. 972. 
air-enolod. Vec ly|>e* 973. 

Iwitcry Hiargmg, *M7. 
liiiltcry, On slung. 037 
breakers, syncInoiu/Mig. 
haitcry, |>reiwring fi»r service, 9.V». 
erankshafi, *>56. 
cams) la ft luMising. 
cnnnccliiig mrK 953. 
coniKcliug rmls. atignmg. 955. 
vcanietiing ri«d livaring.s, titling. 9.55. 
crankiiin lni'>lnngs, 957. 
cylinder asscinblv, 0.50. 
engines, 912. 914. 96.L 973. 
an sf I nil I mg. 959. 
linl ilimmsioiis, 913. 

airbnrcior, 2(i<». 

clearances, 971. 

cold weailirr o|Kralion. 925. 

crankcase, 775. 

cybnclcr rtmsinulion, 500. 

details, 85S. 

distributors, 931. 

(end views), 949. 

fnmt and rear views, 444, 6S3. 

firing orilcr, 920. 

gas, nil and water pitimg, 914. 

instnietioiis for starting, 923. 

oils, 921. 

oil pnmp. 944. 

overhaul •lu] repair, 928. 

periotiical inspection, 927. 

prqiaring for servKv, 917. 

propeller, 918. 


sectional view, 566. 
switch, 930. 
testing, 968. 
timing, 961. 
tools. 929. 

troubles, diagnosing. 926. 
water piping for, 914. 
firing point, 96.1. 
fuel system, 225. 

gauge and am meter readings, 924. 
generator, 930. 
generator drive shaft. 943. 
high lensiun wiring, 932. 
igiuiioii iiarts. ii»s|K‘ctU'U uf. 935. 
ignilHin «ysietii inspvetiun, 919. 
ignitam (tiiung. %.S. 
intake 1 leaders. 9.17. 

Umer camshaft drive, 942. 
iiM<tr. instatlaimn and repair, 913. 
piMun, iiistin’taiii of, 9S2. 
piston rings. 952 

idler hnh, removing. 9.57. 
propeller, testing iraik and pitch, 920. 
rotary Miduetion sysicni, 975. 
side view. 183. 

.storage Iwticry, 929. 
tapivl gap. 9(i3. 
liming disc. 

twelve oil mg system, 4*>5, 943. 
valve grinding. *>.50. 
valve setting. *>fi5. 

Villi age regiilaUir. 935 
waler outlet headers. 9J7. 
water pump, 947. 
water pump lievcl driver, 948. 

•Zciiitli iiistallatiou, 318 
f.ife of aviation engines. .15. 
of in St on rings. 729, 

Light cunsinictioii in acrul engines, 777 . 

test f<ie jdston niigs. 725. 
I.igliterdhan-air craft, 6. 

Lights, itsed in timing niagncKi, 4IH. 
LniiuaiM>iis to air cooling, 537. 
fJnes of force, magiwtic. 361. 

Link rcMk IVasp motor. 738. 

LhiouI fuel atomiratiou in Diesels, 87. 
from cial, 2U6. 
properties of, 263. 
storage. 220. 

L<iading. airplane power. 25. 
l..oads on hall hearings. 776. 

on roller connerting rod bearings, 741. 
Ixwation of radiator, 544. 

Loentng exhaust silencer, 5.10. 

Long expansion stroke, effect of, 108. 

flights, fuel supply, 227. 

Lorraine Delco ignition, wiring, 443. 
engine section, 185. 
sectional view. 562. 

Vee ciigiiw, setrtional view, 321. 
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W-typ« ftectional» 166. 165. 

.W-typ« transverae view, 165. 

Lost power and overheatini; caiiH«&. 

Lower camahafi drive ahalts. Lberty. 942. 
Ix»w tenskm wiring. Lil>erty. 917. 
Ln1»rii*ants, derivation ol, 46K. 
mimral. 469. 

Lubricating. Wa^p engine. 491. 

Whirlwind system, 49.1. 

Lubrication by fresh cril systems, SOS, 
Curtins D12 engine. 47b. 

Hispaiio^Suira. 404. 

Liberty engine, 49!>. 
of aircraft nigines, 468. 
of early Anrani, $00. 
of Gtiome engines, H2i. 
of Gnome Monr^soniMpe, 629. 
of bie lytie AiUdin, 
of inagiieto. 376. 
system, dry sump liest. 4H2. 

Fanuaii mverted rngnir. 499. 
HalLSioU. 477. 

Isotla Vb. 4<W. 

Maybach. 497. 
selcH'tion (acluTs. 47.1. 

Wright J5. 476. 
theory <if. 4<sS 

tnjiiblfs. 899 

why nei'cssiiry, 4<xL 

M 

Macebi raring monopbiir. 10 
Machining ring grooves. 727 
Magnesium pisiMis, iiVK 
Magnets, chijrging Sdinilla. 413. 
forms. 362 

Srintilia rotating. 397. 

Magnetic circuit. Sul. 
circuits. Scintilb, 400. 
experiments. Miiiple, 
influence, rone of, 362. 
lines of force. 3^il. 
substances, «16I 

Magnetism and electricity related, ,5r>4 
fundamentals of, 361. 

Magneliring by contact, 3f>4. 
by iiidiictioii, 364. 
irpn aiul steel, 363. 

Magneto, action of Rolwrt Bo^ch, 37Z 
armature wiitding^. 306 
assembling. Sciutilla. 40B. 
basic priiK'iples of, JOS. 

Berling, 379. 
booster connection. 4fl3. 

Bosch. 392. 

Bosch type GF, 394. 
care of Dixie. 386. 
character!Stic.s of Scintilla. 395. 
cleaning pans of, 406. 


coil. Scintilla. 399. 

Hixmantling Scintilla, 405. 
distributor. Scintilla. 401. 

Iltxie. .16$. 
drive*. }7it. 

ckctric and magnetic cirviiils, 400. 
friHil end phtc. .1*19. 
high teiisHiii, 370. 
high teiisinii current. 40.1. 

1 1011*11 ig. Scintilla, MfO 
igiiitum. advantage* of. .173. 
imleficiideiit two spark. .161. 

^inspection, Snntillu, 4U7 
iiispntiiMi. Splitdorf SS. 4.V). 
iiiMallatioiJ. Dixie. .191 
inslalluiKHi, Scintilla, 402. 
hxMlhig trout lie, 384. 
liibncatuai, 378. 
main co*er. fiN. 
make and break. .171 
iiKHiiiting, early Keiiaull. 644. 
nibiig. Scinidla, 418 
parts. St'intill.i, .19t» 

Tutaiioii, rli,uiging. 415. 
rtxary mdmtnr .ITtt. 
satety gai». Scintilla, 403. 

Sniililla. .1*15 

Si* lilt 1 1 ki breaker assemidy. 397. 
vbipiiinit anil sinrage. 416 
Mini lie aritMtnre lyiie. .Vi7 
Splmlorf aifvralt. 42^^ 

Split di>rf MS9. 431. 

Sjilildorf o[>cratH>i]. 4.14. 

Splitilorf tv|ic SS12, 4.12 
Sptitdml VA. 4.H 
testing Si'iutilla. 4tt9. 
tuning llerbng. 362 
liming by lights, 416. 
inning l>ivie, .169. 
tiniiiig Si’iiiiilb. 414 
timing, wby iuvess.iry. ,107. 
tnuibles. ^618, 
types, Siimdla, 421. 
n&iiig transfnmier coil. MtS. 

Vs Itatlery igtiitnui. .174, 
wiring diagr.ims. Scintilla. 411. 

Main Ix^aring co(nbuuitir>iis, crankshaft, 757. 
cover. Scintilla, 399, 
disebarge assembly, .Stromlierg, 2*H1. 
jet system, Stfoinlicrg. 29b 
metering |et sire, driemiining. 307. 

Maiiganr«c linnirc, 7^/3. 

Manifolds, intake. 317. 
oil iacketed, 521. 

Manugraph. quadruple. 126. 
use of. 126. 

Map of air mail lirtci, 40. 

Marine Diesel engines. 8S. 

engine, 3U00 horsepower. 66. 
type mixing valve. 247. 
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Masson 6*cylnidcr of early design. 190: 

Master connecting rod. Wasp. 738. 
multiple jet cartturetor. 2S9. 
rod, Jupiter, 763. 

Materials for air-cooled cylinder, 647. 
for pistiffi rings. 721. 
used in engines. 778. 

Maximum tlu'oreiical efficiency, 98. 

Maybach's early carhnrelor, 249. 
engine oiling, 497. 

Mean ciTcctive pressure, Diesel, 86. 

Meaning of pistoTi s^verd. 6|8. 

MAiuring anionnt of lieat, S4. V 

intensity of lieai. 54. 
eflWiciK y. 98. 
oil vtM'ositv, 47t. 

Melting iron, imi>roverf method of, 65t. 

Mercury cofdcd v.ilvvs. 0(vV 

Metal, white Iwiring, .S.A.K, 78V. 

Mclcriiig jets, ralihraling, 317. 
jels, c<instnu'iiou (»f, ,^ 10 . 
pin carlmrcior, 25.S 

MethiKls of driving camsliaft, $83. 

Metric n)nwrsitm>, 15V. 
measurement luldrs. 159. 

Micro“imlu*rtlc»rs, «iHTatr<m of. 127, 

Mileage of air rmul luirs, jv. 

Mtllnnetcr ronvcrmnu laldc, 16U. 

Mineral inhneanis, 46V. 

Minerva rotary valve. ^lOl. 

MiscelbntNiiis ciigirie icrnis 

Misriririg, carlinrcthm cau.ses of, 911. 

Mixed oils, 470. 

Mixture coni rid, althmle. 
control range, altitiulc, 2**7. 
di sir Unit 10(1 in static radial. I9K. 
healer, 1*. and W. Wasp. .125. 
strength, efftvt on Cixdmg, oiO. 

M(dyhdooinn AvtU, S.A.l^., 783. 

Monoplane advantages. 5. 
vs. biplane, 5. 

MonoAfiiiixipc motor Gnome. 82.1. 

Morse. Thcmias. 1.15diorse|>ower, 391. 

Motolin fuel, 212. 

Motor racing, carluireturn fault causing. 911. 
runs irregularly or misfires. igniiioD, 907. 
stops in llighi, carhurdion causes, 910. 
stops witlioiil wiirniMg. rguitinn causes. 

907. 

will not start, igintipn trouhles, 906. 

Mounting Liberty propeller hub. 959. 

Mufflers for aircraft engines, 529. 

Venturi type. 529. 

Multi-cylinder engines best, 167. 

-engine airplanes, 9. 

MuUimotor planes, 3, 4. 

Multiple cluster valve springs, S88. 
jel carburetor, master. 259. 
nozele carburetors, 255. 


K 

Hapier-Lion crankshaft, 761. 
aeeticnal view, 522. 

W engine section, 761. 

KA-R series Stromherg carburetors, 301. 

NAT4 Stromberg carburetor. 278. 

Nichrome in cylinder iron, 6S3. 

Nickel brass, 793. 
chromium steels. S.A.E.. 783. 

•Iron for cylinders, 653. 
iron piston. 717. 
steel eugino parts, 785. 
steel^ S A.Iv, 782. 

Niglu flying. 39. 

Nii>e 'Cylinder engine forms. 33. 

Nitralloy and nilriJing, 7^. 

Nitride<l steel, 7K7. 

Noi^ ehinmation in airplane^ 529. 

Noisy operation, rarbnreliun causes of. 911. 
optraivm causes. 9(10'9U3. 

Non-ferrous metals, S.A.R. specificalbins, 

788. 

Normalised steel for crankshafts, 765. 

O 

Odd cylinder niimlier iii radial engines, 821. 

Off-set cylinders, 622. 

Ods. all contain carlxtn, 472. 
cunsiimpiiitu, excessive, 704, 
control rings. 722. 

Cooled valves. Tackurd, 616. 

cooler. Vickers* l\Kls system. 518. 

cooling by intake gas. 52). 

cooling radiators, 513. 

cooling sy.sloiiis, Hist^ano-Suira. 514. 

ctKdmg unit. Vicker.s-Potts M8. 

cooling. WriKbl system. 515. 

film friction, 466. 

flash test uf. 471. 

for cylinders, 409. 

for Liberty engines. 921. 

gfrooving lieurings. 407. 

in combiistum cliamber, reducing. 730. 

mixed, 470. 

organic, 469. 

outlet temperature, 509. 

piping for Lilierty engine. 914. • 

pumps, efficiency of, 504. 

pump. Liberty engine, 944. 

pumps, triple plunger, 502. 

pumjHiig. 485. 

requirements of, 465. 

rings, 726. 

rust aiMl corrosion due to. 467. 
sludge, causes of, 486. 
specifications for castor, 472. 
supply, constant level splash, 400 ' 
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t em p era ture control, 512. 
viACosity nMasuremcnt, 471. 

Oiling’Curtiee OX engines, 4M. 
force feed systems, 489. 

Hispano'Suiu engiiK, 494. 

MeylMch engine, 497. 

ScimillA magneto, 418. 
system dUgrtm, rami.*ia, 498. 

6tling Lsterty, 921. 

Hell-Scott, 80l 

Liberty engine. 495. 

Packard aircrafi, 474. 

Pratt and Wliiiney Wa«P, 491 
Ojiereting lempcrntnrcs of alloy piMotis. */f9. 
OjHical ludicalor, 128. 

Organic oils. 409. 

Otto-Beau de Koeba priivciple. 29 
Outer hearing ruccs Scu»td1a, 417. 
Overhead valve aciiiatHni, S7K 
scavenging Diesel. M 
Overheating causes. 91K1 
Overlapping imptilsrs. in m). cylinder. 175. 
OX engines, installing. 881 

1 * 

Packard aircraft engine t>|>c« sninpareil, .10. 
-Deko igiirttnn xymnii. 447 
dirigililc engine, .kl. 
inulti-cUistcr vahr ^prnigs. 588. 
oil-cottled valves, 614. 6l6 
oil radiat(»r. 517. 

X engine crankcase. 774 
X engine real n»i,vnihlv. 7.17. 

X motor. 27IKI K T.M . 20. 

24-cylinder engine. ,119 
24‘cyliii<ler X n^aM engine. 149. 
60(^hor8C|K)wcr ciigine. .119 
800-l)orsepos\'vr ciiKmcg 3tl * 

Parasitic resistance. r»arts i.nxing. Hi 
Parts and fuiKttons of engines, ir^. 
of Clergel engine. H4ti 

electrical ig nil inn system, .16ti. 

Liberty oil pump. 945. 

Scintilla magneto. 

Siemens-Halskc engine. 197 
Stromlierg carburetor. JR.5. 

Thompson indicator, 125. 

Pecning ring interior. 72J 
Teugeot-junkers type Diesel, 

Performance curves, air-cimlcd cylinder, S.W. 
Performance, improving engine. Iitf. 
Periodical inspection. Liberty engine, 927. 
Peroxides, formation <if. 215. 

nroduce knocking, 214. 

Phoenix-Daimkr carburetor, early, 251. 
Phosphor bronre, 795. 


Physical properties of alloys for cylinders, 

650. 

properlies of castor oil, 472. 

Piping, gas. oil an*! ^vater for Liberty, 914. 
Pistons, aluminum alloy, 694. 
aUiniininn run cooler. 705 
and connecting rc»d .iMieinbly, 691. 
bearing surfaces. 951. 
clearances, factors ulTccinig, 711. 
composite, 702. 
etinstriinhai (if, 6KK. 
design prrJilems. 1^)7. 
design <'i>nsi<k*rjii(His. static radial, 199. 
disnnuiniing I nan l.iU'rly. 951. 

Duraior iron. 716. 
fiiiisU. TIVI. 

generally cm ployed. tCIV. 
iie«it| iMiitHTaturcs. 7IIK 
heat in'null'd head. 7ll2 

luing .i:it| l**i;iiu|uist. 7lU 
MiagiH">iimi. (i*iK 
iiHitTiiientM in eiigiiH*. <M> 
ofH'raiiiig tvnipcr.il 111 cs oi. 
rclH'ved at Imism's. 7lll. 

Kuarili> It lie. 710. 
nog naisirnclMiii. 7iK 
c<ini|VMint1. 728 

Dnrator tyK, 717. 

f(»rimilA lor, 72i 

firf* umIc gnatves. 725. 

gap. 

groows. 727. 

Joints foi. 721 
h'.ik 728. 

Ijlirrlv. 952. 
life. 7Hf 

light lest for, 72$. 
mmil»cr iiH'd, WHi. 
une(iiuTiitM>ii.al, 725 
urjdlli fd. 724 

Mfk thrust tries. 2tHK 

simple inmk t>|*e, 701 
skeleton of nickel iron, 717. 
skirt ckarniK’c. 713. 
slap. caii>c« (d. 7n4. 
sliplief lyiK*. 7(19 
Sliced. iiir:ining of, (*18 
split skin lyiie. 7(i2. 

Strut type. 792. 

support m machinrng, 714. 

4 

typical nutomutivc .lUov. (i9S. 
sceights important, 200. 
with inlet valve, (inomc, 815. 

Zenith tj'iie. 702. 

Pitcairn fuel systeni. 222. 
f'ivotless breaker, magiiein, 441. 

Plain jet and air bleed. Sirombcrg. 281, 
Plate, magneto front end, 299. 

Plunger pump for wl, .Artram. 501. 
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Points, contact ScinlilU. 417. 

Scintilla contact, 417. 

Port and valv^ scavcnpng, iwcHcycle <n« 
gines, 73. 

scavenging Diesel. S3. 

P(K>itinns of double sWvc viilves. 502. 

roNilfve valve closing )iy cam. 500. 

Power af>f>lication in multi-cyliiKkr motors, 
174. 

curves, how made. 136. 
curves of early Wivctmsm engine**. S60. 
curves, snperchargcil engntr. 338. 
defined. 1.13. 

delivery, icmfiemtiirc effect on, 506, 
deicriidnalioti. engine. 1.13 
increase by high cdinpressHni. lOn 
increase by longer espnnsinri strobe. 108. 
losses dne to friction. 1.12. 
needed, (actors inflneiicing, 20. 
ontimt, effect of nliihhle. 3,Vl. 

Used by airplanes, 25. 

Pratt ft Whitney Wasp, .U*). 

Wasp engine. 772. 

Wasp sn*tininl view. .14.S 
Preparations to start tnginr. IfM! 

Preparing battery for mtvkc. 9.16. 
Preparing l.ilH*riy cngnic for service. 017. 
Pressure or sucunu supcrcliurgmg. .130 
and icm|ieratiircs. 

Pre*war engine chrirarteri*Mics. R7.1 
Priming to Mart cidd cngiiic. 25f». 
Principles of rarburclimi, 244. 
of magneto action. .Vi5. 
operating of engines. 43. 

Problem I'f fuel n>ie«*titn». 355 
of oiling airplane eiigim*, 488 
Propeller for Ul»er 1 y eng me. 918. 
hub, tit ting l.ilicriv, 057. 
hub, removing l.iberly, 957. 
limit engine si/c, 17. 
iiimiiKiiig, Lilicriv, 917. 

Properties of alnmimim hIIovs for en* 
gines, 780. 
of eyiiuder oils. 409. 

Pitnip anil earlmrrtor combined. 2.16. 
biflex fuel. 240. 
diaphragm. 235. 
electrical, (or iuel, 237. 

(or water circnlatiun. 542 
Lilieriy oil, 945. 
l.iherty water, 047. 
vacuum (or (uel sysleni. 2.15. 

Pursuit engine Inbncatiou. 475. 

Push rods. Bristol Jupiter, 611. 


Ovadruple manograpb. 126. 
Quantity o( air (or cooling. 63U. 


Question Mark, record of, 

Quick seating rings. 727. 

R 

Radial and in-line engine iiistallation. 554. 
cylinders sir cooling, 534. 

arrangements, 188. 
engine crankshafts, 162. 
debnition. 33. 
installation, 195. 
rods for, 7.18. 
save space. 554. 
static. 192. 

Radiators for nil cooling, 513. 
location. 544. 

Packard oil cooling. 517. 
resistance. 546. 

Radio sliiclding ignition, 446. 

KaniLall v.*ilve stem guide. f>70. 

Rateaii snpercllarger. 3.17 
Kales of heat dissipation in tins, (i3H 
Ratio of wrighi-honiqMjwcr in engiiies, 3.1. 
krriangular fins. 63f» 

Red brass. 792 

Rediiclioii of hack pressure, 527. 

Rcfurlmg in ffighl. 22H 
Kegubtion of ciading water. 546. 

of grncrair»r, 45t). 

Kclaiion of luvii and work. 57 
Keuault cylimlcr cunling, 841. 
eight Vec engine; 841. 
magneto iiionniiiig. 844. 
lwTlveH 7 linder engine, srcrinual, 736 
Reiwir operations, SciniilU, 424 
Requirements o( aerial molors, 18. 
air-cnolcd cylinder. 625. 
bring mixture. 27.1. 
oils. 465. 

Rei|iiisnes for best, power effect in engines, 
77. 

Resistaticc to ffigbt, 22, 
o( radiators. 546. 
parasitic. 20. 

relation lo pi>wcr retpiired. 22. 
useful, 20. 

Reteniirm of wrist pin, 689. 

Rhe*isiit iiKlicator, carl>on pile. 129. 
Ricarrlo balancing mcchaniMii. 753. 
tests of comhiMion chamlwr forms, 574. 
tests of heat distriUiuion, 103. 
type piston, 710- 
Kight'baiirl engine definition, 33. 

side of eiigiue definition, 33. 

Rings, compo«itc. 724. 
eonuKnmd for |»ist<>n«. 728. 
concentric piston, 719. 
eccentric piston, 719. 
from individual castings. 723. 
gray iron beat. 721. 



INDEX 


XVII 


grooves, machining, 727. 

.imerior, reasion for pcening, 72i 
maieriaU for, 721. 
number uMrt m piiion, 696 
oih 726. 
oil control. 722. 

(juick »eating, 723. 
width, pistoiv 7Z4. 

Rocker compen^*)ting valve gear, 609, 
Roller bearing cimnerthig roil*.. 740 . 743 
used in^cad of r«nU, 745 
ty|>e fuel ptimp, 2.S0 
Roof lived rylimlcr, 608 
type cylinder Itcud. M 3 
Kcmii's lyi>c conipres^M. 

Rotary engine dcrjiiMion. .I.l, 
engines, early, 192 
engine valve liniinK. (»79 
iinUivlor ty]*e tnagiuio. .170 
motor disndvniitaKvs KJ3. 
iiiotnr, !.« Rlioiie, KM. 
vsilve, 601, 

Kotaiing inaKitet, adjiiHl nu\ 41n 
niagiiet. Smiiilla. .Y/7 
Rotulion. changing maiinvn^. 415 
Rnmpler giant lurliiK'r. IM 
Rust‘CorroMt 111 diu* to ml. 4K7 


carbon MeeK. 7K2 
steel specificaiions 7KI. 
tc'^tiiig T>rtM’ednrv. 149. 

Safety gap. Si’JiMiIla, 40.1. 

SalniMin stroke eipiali/ing nitH’hanisin. HI1. 
Salt Cooled valves 0(i2 
SuinpUiig valve indicator. 129. 

Scavenging aided hy m^ntcImikvis. .U7. 
Schelder carhiiretor, 2.‘'l 
Scintilla 11:1 II bearing d^lriloitor Fc.ir. 41^. 
hiiovtcr cimocctum. 4tM. 
breaker a'i^embly. 397- 
coil. 399. 
cleiiigii. 39H. 

diMribnlor. block arratigcmml. 413 
distributor bloc'ks. 4UI 
||j^lributo^ vlettrode etcarunt'e. 417. 
double aircraft type, 422 
electric circuits 40(1. 
liber stop, adjusting. 417. 
front end plate, .399. 

* high tension current, 403. 
inspection, 407. 
installation drawing. 404. 
magnetic circuits, 400. 
magneto, 395. 
assembly of, 407. 
electrical operation, 401. 
electrical tests. 410. 


housing. 399. 
installatiuii. 402. 
installing. 41.1. 
oiling. 418. 
parts, 396. 

Total lun. clianKMig. 415. 
laking d(»wii. 405. 
tiMing, MU 
iiniiiig. 414. 
l.v|H- V.Mi. 419. 
lyiH'N 421 
cliargiug, 41.1. 

main liner. 3 ’^> 

oulrf liraiuiR i.ices 417. 

|Mris I’leumiig. 4ta», 
r«*]M»r ki|. 42i» 
re|iair i^KTatuois. 426. 
rmaliug luagiul. .197. 
im.itnig m.igiHi. md play in. 4l6. 
safely aap, 40.1 
•aTVMV 6 h>Is, tls4* of, 422 
ly|K' S(’ iloiible m.igiiHo, 423. 
uiniig diagraiiJs. 411 
SiVtiiiilan current ib^iribMliiNi. .k>9. 

.Seel HMis of lOMIKVtltlg iihU. 7.15 

5k li’roM’o|M* lesi lor luirducss. KOO, 
Sniii’idaMic bronze, 7*^t 
steels for cylinikra. 6.52. 

Si'llIK’IHV of oiKTalhMis in eiiKines. IM^ 
SvivKi: looK. iiM* oi Sciiitill.i, 422. 

Silling lierluig uiagiwto. .IH2. 

Sinn III M'rg ciirlMirelois, .loS. 

Scveii•cylinder cmkiuc forms, J2. 

SbicUliiig. radio, AM* 

SlniMnent of 1 nag rid o. Semiill.i, 418 
SIhirt and t«»iig stroke vugincs, 7.50 
Sluitllc aniuitnre iiuigucli». M»7. 

.Side thrust varuitioii. piston. 2tH». 

l>|ic siijMTchaigeis. .149 
Sk'iiieus hall l>earnig riMl, 739. 
engine section, 197. 
eng me (»*d lorvi I), 7,19. 
exIiMiisk i*t>1ks'tor ring. S^. 

Silii o-inaiigaiiese sleeK. 7H4. 
Sihi'iMi-:diiniinuiii icM»iH'r alloy, 649. 

Simple carburetors. «*id|nstiri«*fit of. 2o0 
Single cyllitilcr eiigiiw formx, 32. 
sk-cve valve, 594 
sleeve valve motion, 597. 

Six-cylinder engine forms, 32. 

engines. Nrtpiduv of event'*, 174. 
has su|ivrior ImImiicc. 751. 
timing disc. 677. 
cMiginc forms, 3.1. 

Sue of engines limited by propellers, 17. 
Sue uf valves for air-coulc<l cylinders. 665. 
Skipping or irregular operation. 905. 

Slat». causes of piston, 704. 

Sleeve valve, Burt-McCiillum, 594. 

•louble, 592. 
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drive, 599. 
mriuir, K»ighl. S95. 

Slipper \yiK pisfuiii, 7119. 

ShttK, liCTii lire&k in r»isui*is 703. 

SUw %\icv6 rtignies, Inavy. 34. 

Sludge, causes of, 4K(i. 

ScHlitinx aiul ifrHassiuru nil rale m vmlves, 

C6.1. 

SiUlcr, l)rarln|f, 794, 

Sparkpljjgs. A (*. 45<) 

UCi rnMlcl f A. 449. 

RCi lyjK* JX. 449. 

design of, 44K. 

KI.G tyi*' 1-lft. 44«. 

KK.1. 448 
Molla. 451. 

Muvler Miodcl Ml. 450. 

Oleo. 451. 

S.A.K. StnndarcK 452. 
fpochl mic.i, 4.54. 
troiililcs. V08. 
wnU rtiglii trnniuals, 4.51 
SiKirks, niindirr r«ji>iTed fur ignilicai, 37 /k 
tliroirfc .10(1 ftltilmlr I'lmlods. 9].5 
Spei'ilioarHiUs for ravior lal. 472 
for nun-ferrous imi.ds, 7KX. 
mverlrd I.ilK ny air-coolc»l. 715. 
sliect, S.AK. f^H* mgiiir lests, ISS. 
Specific l»c:it ;j| cr^sUnl pressure. 61. 
lieut, nH'pniiig of. 54. 
heat of gases, vonsi.mt volume. 61. 

Speed iiicrvase auvineiils iiwrui (orers <>30. 
iuerease in airplanes, 2fi 
of Knnder head rocaliim. (M 
Sperry oil engine for aiierafi. .157. 

Spherical rylindcr head, (<4.1. 

Split coMne^iiug rod tng cuds. 745. 
ftkirt pistons, 707, 
skin type pisOai, 7413. 

Spiifdorf nirerufi iiugnelo, 42V. 

(loulde magiicfo. 4.17 
niceliimieal o|ieraiHMi. 4.14 
KS9 iiKliidor tyjie. 431. 
type SS12. 4.12. 

type SS. eleciitcal nperaiion, 4.15. 
type SS. msiie^iiiin and lest, 430. 

VA luagiieto. 439. 

Sporting tyjic airphuies. 2. 

Springlcss valves. SK*). 

S scries Stromlicrg carhuretots. 299. 
Starting Lilwriy engines iu»(riKiions for. 

923. 

procedure, carliuretor. 31Z 
Static radial enginea. 19.1. 

Stationary engines. 34. 

Steels barrel cylinder with allco* cap. t>47. 
chrome vanadium, 784. 
chromrum, 783. 

for connecting ruds. numuli;'esL 765. 
for valves. Ur4. 


molybdenom. 781 
nickel. 7S2. 
nickel-chromium. 781 
Silko*mangar#<e. 784. 
specificaiioau. SA.E., 781. 

Tungsieii. S.A.E., 784, 
typical heat treatmeiHs. 786.. 
used in typical engine parts, 765. 

Stem guides, valve. <i6V. 

Stewart electrical pump. 237. 

vacuum pump. 2.15. 

Stones. Hutto altrasive. 683. 

Shipping ilie engine. Scintilla magneto. 403 
Storage iMllcry. Lilierly. 92V. 
si am lard aircraft. 461. 

1 roubles. <419 

of iiiaKUHo. Sidnldla. 418. 

Stmiiier, fundiiMi of, 288. 

Siraiiln d charge. 79 

SiriiU* rtiiiulirnig mechnnism. Sahnson. 811. 
Strimilierg accelrraiiag ky»tem. 282. 
gc<Yli’r.(t>i4r wsdl Villi luir. 2Vl. 
aircraft carburetors. 279 
airciaft cariuircior models. 31X>. 
ahilndc tniMiirv coiiind. 2V6. 
carburetor iiistalhiHin, 310. 
carlnircior lartv. ^S. 
rarliurnor Mil mg. .1415. 
carlMircior settings, typical, 309. 
doiilde nUHlels, 3(l2. 
fliNit aetinri, 286. 

float kvel, cUs'king, 315. 
fliat o|ieraiiiai in flight. 287« 
fiHd jeta, 2KV. 
idling adiustmenl, 294. 
idling ict systmi. 293. 
idling ^ys 1 cln. X. 
inaimiHMi amt nverlianl, 314. 
mam discbargr assenddy. 290. 

• nuiin i«i sysicm, 290 
mciering jets. 38i. 
metering jeis, calibratHm of. 317. 
metering let flow tahle. 320. 
mmlet desigiutiixiS. 280. 

N.VR scries 301. 

NAT4 cailMiHicir. 278. 

S series carburetors, 299. » 

Strut type pistons. 703, 707. 

Substances, magnetic, 361. . 

Suet kill control, float chaniher. 297. 

pnisalinns and hlowback. 277. 

Summary of clearatKcs, Liberty. 971. 
fuel supply systems. 243. 
ignition trsmbka. 906. 
oil requirement!, 465. 

Siinlimm aviation engines, 874. 
l74!Miorsepower engine, 874. 

V 3S(Llior»«psrvrcr engine. 874. 

W type eightecn*€y Under engine. 875, 877. 
Supercharged engine deflnhion, 35. 
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enfintf power cnrves, 338. 
iwfiKcycle engine. S2. 

Stiperchergcrs aid sca^-enging. 347. 
air discharge tempeeMui*. J49. 
cenirilugal. 342. 
deveU»p(nent» air corps. 341. 
drive couplings, .348. 
eiTect on speed of enmiieH. \20. 
for airplw engines, .132. 
fomia. 333. 

General Electric, 345 
in Bristol Jupiter eiigiiie. 344. 
in Wasp engine. .145. 
iiistallati<»n. I*'arnian. .VVt 
practical value of. 347. 

Kalcan. 337. 

Roiit's Wowr. 3.I.S. 
side type, .Md 
turhiiie driven. 347. 
why needed, 331. 

Supercharging, pressure or suet it mi. 3.3V. 
.Supply of liiinid fuel. 220 
Surge in valve springs. .58<t 
Swinging tlir stick to vlart engine. K8'>. 
Switch of l.iWrty engiiK*. V.Ui 
Sylphon liellowv fuel |Hinip. 24tJ 

.Hynclironi/iog Lilicrly cnnUtl Urtakers. Wtff 

Syiiems of fuel lineriHHi. .I5.S. 

Szekely S.K. 3 engine, 28. 

1* 

Table for Aow of S(roinlH*rg metering 
32(1. 

showing temperatures. Airco cylinder. tiJ*’ 
Tabulation of engine irouMrs VtJl. 
engine typ«’S. Jl 

Ricardo Ih'sii itisirihntio*i Kkl. 

StrojuUrrg caibnrclors. .1U». 

£troml>crg srMings .318 * 

Tacbomclcr drive. I.il»cr^, VIS. 

Taking down Seimilb magneto. 4U5. 

Tank, vaciuun fuel feed. 232. 

Tappet gap. Lilierty. VPJ. 

Temperature.^ and presMire^. 
charts of pistous 700. 
compti tat ions, 71. 
effect on p<»wer delivery, 506. 
high oil outlet, 50V. 
of air-cooled cylinder, 525. 
of engine parts, 523. 

. of piston heads, 706. 
piston operating, 700. 
readings, cylinder, li29. 
variation in air-cooled cylinder. 626. 
Ten-cylinder engine forms, 33. 

Tenninals, watertight for plugs. 4S1. 
Testing engines. 135. 
forms, 5.A.E, 150, ]$l. 

Liberty engines, 908. 


power of aircraft engines, 148. 
procedure, S.A.R, 149. 

Scintilla magneto, 409. 

SpliHinrf magneto, type SS. 436. 

Tests of Scintilla uiagncio. electrical, 410. 
rims, imndicr and durulH^. 152. 
with ga^ and air inixiureK. 7S. 

T licad cylinder. S73. 

Theory of fuel krsock, 210. 

lieat engine. <i7. ' 

lubricMiioii. 46.5. 

Tlwrmmlyiinniii's. film In menials of, $9. 

of ail craft riigiiics. 77 
Tlicrnmniiicr c<mvcf*»M>n table, .55. 
TlirniMiviiihiMi ciHdiiig, .544. 

Third briiHh rcgul.iiMiii. 4.5(*. 

TIm>iii|ivmi imlU.it^r, 125. 

Tliiiv-i'> liiwlcr engine fonii'i. 32, 

|K»tn. lW4icvilc ciiKiiic. 49. 

Tuner Ir.itildcN 9U9. 

Tiiiinig dMgrani, ciglii-ryliiuler Vee en¬ 
gine, (»7K. 

diH* 1.1 y«Mil. MN'cyliiidcr. (»77. 
diM*. l.ilaTly. 9(«.l. 
llixit* libig*M*ln, .189. 
riigiuc, l.iUTty, Vfil. 
fiNcd Ignition. 675. 

Hall .V(Ml valves and igiiiiiuii. 670. 

Le Kliiiuc vulvcs. H38. 

I.iliciiy igniiioii, 9f».5. 
of (oiiinic Mitary aigines. 679. 
iiugnvto e^seiMial, .k>7. 

Siitdill.i by light". 418. 

SiimiMa uuigneto. 414. 

Mllglc "ItH’W VIlIVCi 598. 
vmIvc". iiiH’oiivciMiiiiuil, f> 80 . 
variaMc ignituMt. <k75. 

To«»U fc»r l.dirny rugniC". 929. 

Scmiilla Ncrvh'r. 424 
Tor<iue nirvcs of various engines, 181. 
mcief*. h'nrtide, I4r». 
uni form. 179. 

Truck and pMch of Lilicrty prupdler, 917. 

and pilch, testing. 920. 

Trull^^ufmer type iiiagnelo system. 368. 
TriiiiiHfir planer. II. 

Triple valve springs 585. 

plimgcr oil pump, Liirraiue, 502. 
Trouliks in carburet iou. 897, 
electrical conip<Micnls 908. 
igniiiou system, 89f>. 
induction coil. 909. 

Ldierty engines 926. 
magneto. 908. 
oiling system'!, 899. 
sparkplugs, 906. 
storage liattery, 909. 
timer. 

water-cool mg systems, 899. 
wiring. 910. 
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shootingi war-time etipncA, 

Trunk type piston, 70L 

Tuitc, Venturi, in carburetors, 277. 

Tulip form of valve heatl. 665. 

Timaslvit nIcvI Kiiidcs, 6fi9. 
tied for valve*. 6t>4. 
steel*, 784. 

TisHniie driven superrharpers. .‘U?. 
TurUuIcncc, value of, 79. 

Twelve enume 1inner, I.k 
cyliniler eiijtine furin*, X\. 
Twen(y-f<nir-4*ylimlcr engine fnnui. 

Two and fonr'iyile emniiarrd, VI 

Twu'Cycle !)h*m*I engiiws. 7X 
engine act inn. 45 

engine, (kmMe in^tiMi. siipt rclnirgcil. 52. 
eiiKnie, two fnirt. 4K 
engine, ihret* port. 49. 
l*rirl, two-eyck eng me. 48. 
s^Kirk (Inal ntagnetn. J8|, 
spark igintion, 45X 
sp.irk iMileiu’ink’iil lUagiHin, 3.81. 

Mroke 1 aeiKm, K2 
Types of fuel .siruineis. .U8 
Typical eng me Muppage. 893. 

U 

UnliAlanccil fnrees in f«ur<%*lin«kr rngiiH**. 

750. 

Uinfnrin tnrciiie in eiiuiiK's. 179 
U. S Navy rx|K’nciicc wuli air viHding. 55.5. 
UniwckinK Lilicrty engitu*. «l.l 
INe of earliou pile milieaiur. l.U. 
imlicator card*, I.U. 


Vacuum luioMer for fuel feed. 235. 
fuel f4*ed. 2X£ 
pump. Stewart, 235. 
tank, iuiprcivnl, 2.18. 

Value of indicator card*. 109. 

Valve actual ion, lx KUnw. K.U. 
achiutioii niccliaiiiMn. lx Kliotu*. H.ki. 
iuiuatiou, overhead, $78. 
and ihcir unc. Itr4. 
asseuilily, Bristol Jut liter, 611. 
assembly. Wnghl Wlnrlwiud. 61X 
clearances, why needcil. 5K2. 
closing, inlet, 675. 
closing, positive, 590. 
concentric, 578. 
cooking by way of seat, 660. 
cooling by way of stem. 6f>l. 
cnnliag, enn side rat ion of, 660. 
design and constructiun. MU. 
for air-cooled engines, 655. 
gears. 609, 
gear enclosure, 613. 


gear, rocker compensatiftg* 609. 
grinding, Liberty. 950. 
head, tulip form of, 66$. 
holkiw head. 6(4. 
internally ctadeil. 656. 
internally cooled by mercury, 663. 

Incatuai in Canteroii engine*, tfiC*. 
lucatiuti nietluMls. 571. 
mounting. Gnome exiinust, 817. 
luimiKT used |)er cylinder. (>(i7 
ri|>enhkg. advamed exhaiM, (>72. 
o|icra|ing mccliumsm, Wright, 581. 
liieniting tihU, UriMid. Oil. 

((per.iiiiNi. caniH fur. 580. 
operatiun mctluHK, 577. 
fiverlap. effect of. 274, 
rtiekcr piwluMtre. 614. 
rotary. tiOl. 

seat. (*urtis> 1)12. 604. 

M*al iiiMrris. (i7l. 

«wu|ing lievels. tjOJ. 
srals. expaiuled ni, 671. 
vlinig. I.ilvriy, %5. 
siiiKlc dc*'vc. 594. 

Ni/e nin>uliT.*i1umx. MkS. 
springs, ikiulde, 585. 
spring mrgv. 58t> 

*11 rings triple. .585. 

M(vU. (ii4 

Men I cisdnig, fiixilde salt* for, 661. 

Mtiii cdidiiig, water for. Mil. 
st«*ni guides, 

stem guides, can* liariKiicd. Uj9. 
sU'M guide, hnKli for. 0(i9. 
slein giiiiU’, gr.ipliile tilled. 670. 

Mem guides. Tnng«>(cii bOO. 
tuning, 671 

timing, lx Khonc, 838. 
tiniiiig, nil set riiWs for. 677 
* liming. SalniMai^ 81.1 
Timing, single sleeve, 599. 
timing. iy|Mcal, 679. 
witlioni springs. 589. 

A^ajKiri^er forms, «irly. 247. 

V:in.*iiM»n of air pressure wiili altitude, 262 
Varying clriiRincc, effect of, 4*81. 

Vee engine air cooling. 536. 
cnnnccling rent. 731. 736 
eight- and twelve-cyiiiidcri 178. « 

type engine dctiniiion, 35. 
ty|ic motors, advantages of. 179. 

Vcntori nt»z/lc, Zemlh, 269. 
siae, estimate of, 305. 
type muffler, 529. 
tulie in carburetors, 277. 

Vertical engine definition, 35. 

Vibration in four*cylinder engines, 749. 
limils crauksliaft speed, 620. 
neutral hers, 7S1. 

Vickers* Pigts oil cooling unit, 518. 
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Viscosity of oi1» measurement. 471. 
Volatility of fuels» 206. 

Voltage regulated gci>cra(or^. 457. 

regulator, Lfcerty, 935. 

Volumetric efficiency of oil pump, S(M. 

W 

Wall Cooling, heal hv^s im, 100 
War'time engines tabulated. R7fi 
engine trouble sliuitiiic. K<j 2 
\Va^p engine built up crankshaft, 7f>l 
fuel i^ystcm. 22 . 1 . 
mixture heater, 325. 
supercharger, 34.S. 
external nilmg sysirm. 4'M 
Water brake dynainniiictrrv. 141 
brakes, ItcumIi*. 143 
circulating piinips 542. 
circulation by naiuial m stnu. .M.k 
circnlatuni, p«i>iiivf, .541 
cooled An/a in tiigiiK*s, X05 
crKilctI valve stem, titii 
cooling, favorer I by high engim* sikhmI, 
5.W. 

curding of ciigiiicv. .541 
ciMding rnrliator in si a I latum, .547. 

cuoling triMibb's, 

jacket walK, tore prnii u|Mlllllg^ in. .ViJ. 
outlet beiulers. l.ibciK, 'M7 
piping fnr l.iluTly cMK1m^ *M4 
pump bevel rlriver, l.ikTiy. 

>|iacr prt>|n»nions. 5t»2 
system, HalbScull. HKK 
Watertight IcrmuMls hu pings, 4.5| 
WeigliU, comparing lMtler\ .iiid iiia 
ignition, 375. 

•horsciKnvi*r ratio, a via I ion engnirs, .15 
-horsepiiwer rntwrs of 1 km vv engiiu's. .M 
of engines, wet r’r tlrj.^7 
per Ivu’sepnwrr. 13 
saving wiili air c<H»biig. 5.V1 
Wells, carbiirclrir accelerating. 257. 

W engine cmncrliiig rinK 711 
Wet liner ty|ic cybmliT. Hut, 5(«K. 
sleeve rniiMruclioii. .571 
sleeve Curtis** rybii'lcr, 
sleeve Packanl < 7 lmdCT, 5<»9, 
weight of engines, 27 
What a carburetor sliouM rio. 245 
Whirlwind cylinders, rmislniig. tiKa 
• valve assembly, M2. 

White bearing metals, S A.ii., 789. 

nickel brass, 793 
Width of piston nng.s 724. 


AVire gauge sizes and areas, 323. 
Wiring diagram. Berliug magneto, 300. 
Curtiss DI2 Scintilla, 411. 

Delt-o U'CyUnder. 4o0. 
iVIcu system. 443. 
geuvrator. 458. 

IJheriy low Ifusioii circuits. 916. 
I'ackard'Delco system, 447. 
Whirlwind Sciiiiillii, 411. 
ig 111 til Ml of esirly Rciiauli. 845. 

1 roubles. 910. 

Wist'ousin riiginc, HSR 
Work. ikTuiitiim of. 53. 

rclatum to bent. 57 
Wriglu nigiitc, iiiagiwlo end, IRO. 

J5 atr s|r»vr, 324. 

• Mr»n*lH»u>r, 28, Ui2 

oil tcm|>rraiiirr control. 515 

vhKt o(wniliiig lupcbaiiism. SKI. 

\\ hirlwiml. I9.k 
WliirKvmd engine. 4(12, SRI 
Win ft wind piigmc, sieiitnul, 7.1k 
WlurKsiiirl J5 nig me, 2H 
Wbirlwitnl parts sirs js in, 7H5. 
Wliirlwiiiri, nsir vuw, .M2 

V engine protwllrr end, |Wl 

V I wlve*eji brider engine. 535 
Wiislpnis. bilking 111 :ilb»v pistons, 707. 

OM it la ling 111 piMmi fms>cs, 
riieniHio. fiHO, 
retention. niiiisiMl. ti9U. 

W lypc engines, 184. 
dcliiulHm. .15 
l.4irraiiic, 185. 
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\ engine coiirHtimg rods 7i7. 


\ allov for es kinder lie.idv t>49. 
A el low brass, 792. 
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Zenith aviation rarbi;fglur.‘'»ltHMclf 

2r.7. / r \ 

carburetor, crmi|>^irTm nossl^'^3. 

duplex c»irburetr»e, 265 ’ •. ■ \ 

•LilicTty earluirclnf, ifjO 
pisioii, 70.1 ^ \ 

uith Venturi nozzle, 

^ 

Zeptwlm fuel gas, 208. 

Zone of magnetic iufluciice, 3b2. 
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